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This study examined 4 elementary school teachers’ thinking during 
science teaching in 2 urban schools in the southern United States. Most of the 
students in these schools come from minority families with low socioeconomic 
status. The teachers involved in this study were participants in the Linking Food 
and the Environment (LiFE) program, a curriculum designed for urban 
elementary students to learn life and environmental sciences. The research 
employed cross-case study methodology to understand teachers’ thinking and the 
decisions they made during classroom teaching. Fifteen science lessons were 
 vi
taped (7 videotaped and 8 audiotaped) for each teacher over a period of 7 months. 
Six stimulated recall interviews were conducted to elicit the teachers’ thinking 
and decision-making process during teaching. Data were analyzed using William 
and Baxter’s (1996) discourse analysis framework. Three factors that influence 
elementary school teachers’ thinking and the decisions they made during science 
teaching emerged from the data analysis:  
1. Most teachers believed that students’ experiences could be used during 
teaching, but they disagreed about the usefulness of students’ experiences in 
teaching science for understanding. Two teachers who perceived their students to 
be less intelligent did not use students’ experiences during teaching.   
2. All the teachers in the study asserted that students must have the 
knowledge of science process skills to succeed in science investigation and high-
stakes tests. These teachers also believed that mastering science process skills 
aided in students’ understanding of science concepts.  
3. In an academically high-performing school, the school administrators 
played a less significant role in teachers’ thinking and decision making than in an 
academically low-performing school. Administrators were under pressure to 
“teach to the test” so that students would perform better in the high-stakes test. 
Teachers perceived a higher incentive for teaching science for better scores in 
high-stakes tests than for understanding.  
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Teaching and learning has to take place in the context of students’ 
experiences and a good curriculum (Barton, 2001; Delpit, 1988, 1995; Freeman, 
1994; Gallagher & Tobin, 1987; Greeno, Collins, & Resnick, 1996; Lave & 
Wegner, 1993). How teachers perceive the role of student experiences in the 
science classroom is an important factor, because teachers deliver change in 
classrooms and thus control the outcome of any educational reform. What 
teachers do before, during, and after their classes evolves from their experiences 
and cognitive processes (Clark & Peterson, 1986; Marx & Peterson, 1981; Miguel 
& Angulo, 1988; Mitchell & Marland, 1989; Yinger & Clark, 1987). In other 
words, teachers influence classroom outcomes based on their thinking.  
Teachers’ thinking and information-processing skills guide them toward 
rational actions to suit situations that they face in their professional environment. 
During classroom interactions, teachers have to make many important decisions 
about teaching and learning. Some of these decisions are to satisfy administrative 
requirements (Calderhead, 1996; Clark & Yinger, 1987; John, 1991; Shavelson & 
Stern, 1981), and others involve students in learning. Classroom interactions are 
very difficult to plan, because the nature and scope of the interactions can be 
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understood only after the interactions have taken place. Many teachers associate 
successful classroom teaching with (a) an uninterrupted flow of activity and (b) 
timely completion of topics (Fischler, 1994; Tobin & McRobbie 1996). Many 
science teachers think that science learning happens when teachers can teach 
science topics in an uninterrupted and no chaotic environment where topic 
completion is the major goal (Brickhouse & Bodner, 1992; Tobin, Briscoe, & 
Holman, 1990; Tobin & McRobbie, 1996).  
To provide a reform-oriented curriculum of learning science for urban 
students, in 1998 scholars of Science Education and Nutrition and Health at 
Teachers College (in press), New York, designed the Linking Food and the 
Environment (LiFE) curriculum (see appendix C for sample lesson plan). The 
curriculum focuses on students’ learning science concepts through (a) active 
hands-on activities, (b) critical thinking opportunities, (c) sharing of personal 
experiences as a part of science learning, and (d) parents as partners in science 
learning. The LiFE curriculum supports students’ science learning in three ways:  
1. It allows students to share their outside classroom experiences during 
discussions and questioning (Boulton & Panizzon, 1998; Brickhouse, 1994, 
Landson-Billings, 1995; Staver, 1998). 
2. The curriculum allows teachers to focus on conceptual teaching and 
decision making rather than factual knowledge (American Association for the 
Advancement of Science [AAAS], 1993; National Research Council [NRC], 
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1996; O’Neill & Polman, 2004). This is achieved through implementing the 
QuEST learning cycle (see Appendix C). This learning cycle demands that 
students and teachers have open discussions in the science class. 
3. It allows students to do hands-on activities and search for new ways to 
improvise experiments that can answer questions. 
The LiFE curriculum, in theory, allows teachers to understand students’ 
perception of science content, ability, and knowledge. It provides teachers an 
opportunity to understand dispositions about students, environment, teaching and 
learning. Rather than the individual teachers’ preference ways to promote 
learning, the contexts of academic, school, and classroom influence learning 
(Eraut, 1994). Many teachers fail to realize that knowledge used in one context 
does not essentially guarantee the transfer of learning to another context (Munby, 
Russell, & Martin, 2001). Therefore, these teachers cling to work that is familiar 
to them and whose outcomes are predictable because they predict a greater 
likelihood of having a class run smoothly. On the other hand, when teachers try 
new practices, these uncharted territories present a higher risk of losing control 
over classroom activities and desired outcomes.  
The author utilized participants from the LiFE curriculum in urban 
elementary schools in the southern United States to conduct a small-scale study to 
determine if and how teachers support students’ experiences as a part of science 
learning in their classrooms. All participating teachers explained that they would 
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very much like to have students bring in their questions, experiences, and 
knowledge while learning science. All the teachers explained, “Students know 
many things from various sources and they need a place to talk about and clarify 
their misunderstanding or understanding.” However, one teacher said, “I’m not 
sure if students know about science.” Nonetheless, teachers were aware that 
learning science is about understanding concepts and making decisions that allow 
learners to relate content to their social context.  
Therefore, what does it mean to use students’ experiences during 
teaching? How do these experiences influence science content that is taught? 
What do teachers think and decide during teaching? By focusing on teachers’ 
thinking and decision-making process during teaching, this investigation was 
designed to answer many perplexing questions about teachers’ thinking and 




Providing relevant science knowledge that supports students’ real-life 
situations is one of the goals of a science curriculum. During classroom 
interactions and planning, teachers’ thinking is influenced by the subject-matter 
content, classroom context, and school administration (Calderhead, 1996; Clark & 
Peterson, 1986; John, 1991; Marland, 2003; Peters, 1984). The National 
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Benchmarks and AAAS reports have advocated that students are the center of 
science learning. In order for the students to be the part of science learning, their 
life experiences have to be included in science lessons. At the same time, teachers 
are the leaders in science classrooms; they must support contextual learning. In 
that regard, educators, curriculum developers, professional development 
programs, and teacher education programs can benefit from understanding 
teachers’ thinking during science instruction about students’ experiences and 
science content.  
 
Purpose of the Study 
 The purpose of this study was to investigate teachers’ thinking and 
decision-making process during science instruction involving student experiences. 
Closely examining the teaching practices of teachers who participated in the LiFE 
program can lead to understanding teachers’ thinking and decision-making 
process regarding their perceptions of students’ experiences as a part of science 
teaching and learning. Additionally, this study examined the factors that influence 
teachers’ thinking and their decisions about using students’ experiences while 




 Evaluation of science classes of elementary school teachers has raised 
numerous research questions concerning the teachers’ thinking and decision-
making process. The following research questions guided this study: 
1. What do teachers’ think when using students’ experiences during 
interactions with students? 
2. How do the experiences students bring to the classroom influence the 
science content that the teacher teaches? 
3. What do the interactions between teachers and students look like when 
students share or bring their experiences in the classroom? 
 
Significance of the Study 
The study showed several significant points. 
1. For science education programs, this study addressed a need to educate 
teachers so that they can implement curricular reforms. Because teachers are the 
implementers of any educational reform, they must be adequately prepared for 
success of those reform efforts (Czernaik & Lumpe, 1996; Czernaik, Lumpe, & 
Haney, 1999; Duschl, 1990, Shulman, 1986).  
2. For curriculum implementers and developers, this study outlines the 
factors that can influence the outcome of curriculum implementation program. 
Teachers’ differentiated epistemological understanding of reform-based 
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curriculum can lead to unsuccessful results, because teachers may perceive 
curriculum as the guide to classroom instruction without any regard to student 
input (Grossman et al., 1998; Hillocks, 1998). Therefore, it is important to 
identify teachers’ thinking during classroom interactions.  
 3. The investigation of how teachers include students’ experiences as a 
part of science learning and usage is important if science education is perceived as 
providing useful life tools. Not only is improvement of elementary science 
education a part of the National Science Education Standards and Benchmarks for 
Science Literacy, it has been prioritized by the constant improvements in the 
statewide high-stakes science test requirements (AAAS, 1993; NRC, 1996; Texas 
Education Agency [TEA], 2003). This study benefits educational researchers as 
well as elementary school teachers because successful reform is the key to 
effective science teaching and learning. 
 
Limitations of the Study 
This investigation was limited to the small sample population. This limits 
the generalizability of the study. This study may be also limited to the curriculum 
implementation program in which the teachers participated. The investigation 




Organization of Dissertation 
 The first chapter introduced the reader to the background of the study, the 
purpose of the study, and the description of the LiFE program.  
 Chapter Two presents an overview of the literature related to teacher 
thinking. Broadly speaking, the literature review includes (a) teacher planning, (b) 
teachers’ decision-making process, (c) teachers’ beliefs and thinking, and (d) 
teachers’ decision making in a given context. 
 Chapter Three describes the methodology used to investigate teacher 
thinking. A brief rationale for the cross-case study and the framework for data 
analysis are presented in this chapter. A detailed description of data collection 
methods is also included. 
 Chapter Four presents the findings of this study in thematic sections. 
Findings from classroom observations, stimulated-recall interviews, and 
curriculum artifacts are presented in this section. Also a brief life history of each 
teacher is presented to help the reader understand the context of the study. 
 Chapter Five includes discussions of each of the themes described in 
Chapter Four. Finally, the chapter concludes the dissertation with implications of 
the study and future research possibilities.  
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CHAPTER TWO 
REVIEW OF THE LITERATURE 
 
Overview 
Teaching is a complex activity that involves planning, interactive thinking 
and decision-making processes, teachers’ theories and beliefs, and content 
knowledge. The success of any educational reform relies heavily on classroom 
teachers’ performance (AAAS, 1993; Brophy & Good, 1986; Carter, 1990; 
Connelly & Clandinin, 1988; Day, 2003; Duschl, 1990; Hillocks, 1998; Putt, 
1996). Teachers control the outcome of any educational reform because they 
deliver the change in the classrooms. Teachers’ classroom actions are influenced 
by the interactions between teachers and students, classroom contexts, nature of 
the content, and school environment. Teacher’s actions are also heavily 
influenced and determined by a teacher’s cognition (Borko, Livingston, & 
Shavelson, 1990; Broome, 1982; Calderhead, 1993; Clark & Lampert, 1985; 
Colker, 1982; Duschl, 1990; Elbaz, 1983; Lauriala, 1992; Morine-Dershimer, 
1991; Pope, 1993). What teachers do before, during, and after their classes 
evolves from their cognitive processes. Classroom outcomes are influenced based 
on teachers’ thinking. Teachers have the authority to direct and guide student 
knowledge, behavior, conceptual understanding, classroom interactions, and 
various other activities that take place in class (Clark & Yager, 1980; Miguel & 
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Angulo, 1988; Shavelson & Stern, 1981). Teachers’ thinking and information-
processing skills guide and orient their actions to suit situations that they face in 
their professional environments.   
Teacher Planning 
Teachers’ thinking and decision-making processes are most widely studied 
in the area of teachers’ lesson planning. In general, lesson planning involves 
thinking about activities and anticipating future activities and actions. Planning 
takes place both internally and externally. The mental process of planning is 
internal in nature. Observable processes are external in nature (Peters, 1984). The 
mental part of planning constitutes visualizing the future and developing a 
guiding framework for future actions. The observable part of planning is to put 
the plan into action (Clark & Peterson, 1986; Peters, 1984). Teacher planning is a 
proactive cognitive process that teachers undertake before teaching their classes. 
The purpose of teacher planning varies from teacher to teacher. Some teachers 
plan to fulfill administrative requirements, some plan to help substitute teachers to 
teach their class, and some do both (Calderhead, 1996; Clark & Yinger, 1987; 
John, 1991; Shavelson & Stern, 1981).  
Studies have found that experienced teachers are more successful in 
adapting their plans to the situation than are their inexperienced counterparts 
(Berlak & Berlak, 1981; Brickhouse & Bodner, 1990; Broome, 1982; Duschl & 
Wright, 1989; Grossman, 1990; Lampert & Clark, 1990; Munby et al., 2001; 
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Resnick, 1989). Most beginning teachers stick to their plan even when the plan 
needs alterations (Calderhead, 1996; Duschl & Wright, 1989). According to 
Peters (1984), teachers’ planning is influenced by complexity of a task, teachers’ 
intentions about a lesson, goals and objectives of that lesson, and experience 
gained from each interactive teaching event.  
Some interactions are very difficult to plan because the nature and the 
scope of interactions can be understood only after the interaction takes place. For 
example, content-specific interactions are hard to plan because student 
understanding is unknown until after the interactions (Carnahan, 1980). Thus, 
content-specific interactions influence the planning of the following day’s lessons. 
Additionally, unexpected behavior during teaching makes teacher planning 
difficult, despite a teacher’s experience. Many researchers have found that 
teachers’ plans are (a) seldom successful during teaching and (b) often altered 
from the original plan. These discrepancies between a plan and its realization 
arise from situational factors and the “nested” nature of written plans (Clark & 
Dunn, 1991; Morine-Dershimer, 1991; Peters, 1984; Shavelson & Stern, 1981). 
An example of a “nested” plan is one that prompts a teacher to answer certain 
questions only in certain situations. Many beginning teachers lack in-depth 
knowledge of many factors that influence their classroom actions and thus 
develop plans that are either incomplete or unworkable (Calderhead, 1996; 
Duschl & Wright, 1989). Also, in-service teachers’ plans are more focused 
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towards addressing management issues. Their plans are designed to please 
students by answering their questions; this ensures that the class runs smoothly 
(John, 1991).  
 
Interactive Thinking and Decision-Making Processes 
Students are the active audience for both teacher planning processes and 
implementation processes. However, factors such as teachers’ content knowledge, 
classroom environment, students’ sociocultural context, and school environment 
influence teachers’ interactive thinking and decision-making processes. Many 
researchers (Colker, 1982; Marx & Peterson, 1981; Moje & Wade, 1997; Pope, 
1993) reported that most of teachers’ thinking during teaching (interactive 
thoughts) deals with instructional processes such as procedures and strategies. 
Though planning provides a general and broad outline with possible situations 
and management issues, prior planning gets sidelined once the teaching 
commences (Borger & Tilleme, 1993; Clark & Yinger, 1987; Hill, Yinger, & 
Robins, 1981). Teachers have to make decisions based on their thinking about 
what students are asking and about the teachers’ goals or expected answers. 
Moreover, in a multicultural environment, teachers need to think about the 
external experiences and contexts that students bring into the classroom and to 
make decisions regarding whether or not to use those cultural inputs.  
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Interactions With Students in Decision-Making 
Teachers interact with the students in a variety of ways. A review by Clark 
and Peterson (1986) summed up that during teaching, teachers’ thinking about 
learners is directed towards being cognizant about learner perceptions, learner 
interpretations, learner anticipations or expectations, and learner reflections or 
self-awareness. The connection between teachers’ thinking and their actions in 
classrooms with students is governed by how the teachers interpret the observed 
cues they receive from the students, such as questioning, taking notes, 
participating in activities, and conversing with friends (Broome, 1982; Clark & 
Peterson, 1986; Wittrock, 1987). 
Teachers make choices while interacting with students, and those choices 
are based on conscious decisions. Teachers’ decision-making processes are 
controlled by cues or trigger points from students. Trigger points, in most 
instances, tend to be behavior problems such as side talking or being off task. 
After observing these trigger points, the teacher either decides to respond 
immediately or later, depending on the situation. If these cues or trigger points are 
within a teacher’s tolerance limit, he or she will make the decision to continue 
teaching without any change in the social or cognitive behavior (Clark & 
Peterson, 1986; Marland, 2003; Wittrock, 1987; Wodlinger, 1980).  
Teachers’ classroom decisions are based on the performance of students in 
the class. In most cases teachers face decisions when students have questions, 
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during transitions from one concept to another, and while managing student 
behavior (Broome, 1982; Marland, 2003). For example, if a student shares an 
experience that requires a new concept to deliver an answer, the teacher makes a 
decision either to talk about the new concept or to ignore it. In most cases, 
teachers’ decisions are based on the teachers’ judgment of student behavior and 
are more managerial in nature than based on students’ pedagogical strengths 
(Wodlinger, 1980).  
 
Classroom Environment 
Wodlinger (1980), in his case study of a single teacher, found that the 
teacher’s decisions were based on their classroom environment. Teachers’ lesson 
planning is specific to given classroom situations and alters as the classroom 
environment changes (Clark & Peterson, 1986). In an urban setting, classroom 
environments are very diverse; therefore, teachers prepare their lessons to support 
student diversity as well as a better learning environment. Studies in urban 
education have shown that students’ cultural diversity as well as learning diversity 
influence classroom learning outcomes (Barton, 1998a, 1998b; Brickhouse, 1998; 
Delpit, 1995; Fusco, 2001; Landson-Billings, 1995; Zahur, Barton, & Upadhyay, 
2001). Teachers have to create a classroom environment that allows students to 
participate in a diverse setting while allowing teachers to incorporate their 
students’ prior knowledge or experiences as a part of their teaching (Atwater, 
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1996; Kahle, Meece, & Scantlebury, 2000; Marshall, 1992; Oakes, 1990; Oakes, 
Gamaron, & Page, 1992; O’Neill & Polman, 2004).  
Classroom environments range from highly teacher centered to highly 
student centered (Resnick, 1989). Generally, classroom environments of novice 
teachers tend to be more teacher centered. As teachers become more experienced, 
their classroom environments become more student centered both in planning and 
in execution (Brickhouse & Bodner, 1990; Clark, 2003; Resnick, 1991). Marx and 
Peterson’s (1981) study indicated that teachers’ planning matched their classroom 
behavior. They found that teachers who were in their early days of planning 
focused heavily on covering the content. The more experience a teacher had, the 
more planning included an instructional process. Marx and Peterson’s study also 
showed that teachers planned differently depending on the nature and emphasis of 
the subject they were teaching. These studies have indicated that teachers’ 
planning focuses on broad outlines of processes. These outlines change during 
teaching because classroom environments are dynamic and unpredictable.  
 
Teacher Cognition in Action 
Why do teachers resist changing their plan during action? Human nature 
resists any deviation from a routine (Day, 1984; Fischler, 1994; Lowyck, 1984). 
Many everyday actions are part of a routine; they occur spontaneously and do not 
need extra thinking. Teachers are set in their routines and like to continue those 
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routines as long as they perceive them to be working. However, some key factors 
influence teachers’ numerous decisions to elect or not to elect for change during 
classroom teaching: 
1. Maintaining minimal disruption in the class through minimal alteration 
in the plan (Shavelson & Stern, 1981), 
2. Maintaining a low level of information-processing demand on the 
teacher to suit the situation (Leinhardt, 1990; Shavelson & Stern, 1981), 
3. Maintaining real-time information processing to decrease disruption in 
the class, 
4. Using complex cognitive structures to implement preplanned routines 
and adjust to new information (Leinhardt, 1990),  
5. Having schema about teaching and learning (Mitchell & Marland, 1989; 
Wineburg, 1991), and  
6. Feeling time constraints during digression from their normal plan 
(Berlak & Berlak, 1981; Lampert, 1985). 
A teacher’s decision is based on information about how the planned lesson 
is proceeding (Calderhead, 1996; Clark & Peterson, 1986; Shavelson & Stern, 
1981). Most decisions have to do with student behavior; the teacher must choose 
between (a) continuing the lesson as planned or (b) adjusting or changing the 
existing plan (Clark & Peterson, 1986; Shavelson & Stern, 1981). As stated 
earlier in the student section, most teachers are reactive in nature. Teachers tend 
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to change their plan if students’ behavior causes disruption to the class 
environment and the teachers have suitable solutions to that problem. In the 
absence of any viable alternatives to influence the classroom environment, 
teachers do not make any decision to remedy the problem (Clark & Peterson, 
1986; Shavelson & Stern, 1981). 
During planning, teachers develop a mental script (schema), or image, of 
how the plans will be implemented. Having such a mental script reduces the 
information-processing demands on the teacher and allows the teacher to maintain 
the flow of the lesson (Shavelson & Stern, 1981). At the same time, teachers do 
not like any disruption in such a schema because it impedes the flow of the lesson 
and requires extra effort to generate new schema in a short time.  
Mitchell and Marland’s (1989) study, based on 6 Australian high school 
teachers, supported the idea that teachers use mental scripts to help reduce the 
information-processing demands of teaching. Their study showed that the 
teachers’ mental scripts about teaching are more general in nature and 
independent of prior planning. On the contrary, Shavelson and Stern (1981) 
maintained that teachers’ mental scripts are complex and influenced by prior 
experiences. Both experienced and inexperienced teachers have similar interactive 
thoughts, but experienced teachers make fewer interactive decisions compared to 
inexperienced teachers. Thus, expert teachers seem to be able to reflect well on 
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their activities while engaged in their area of expertise (Brophy & Good, 1986; 
Kosunen, 1994). 
 
Teacher Beliefs and Theories 
Teacher education programs and professional development programs 
initiate teaching and learning as socially, individually, culturally, and historically 
framed actions. Nonetheless, teachers tend to teach according to their own 
theories and beliefs on instruction. Clark and Yinger (1987) posited that teachers’ 
thinking and behavior are guided by a set of beliefs. Similarly, their conceptions 
of teaching are based on espoused theories that they have acquired or learned. 
Teachers have implicit theories that influence their actions. Carter (1990) defined 
these implicit theories as “conceptions of the personal values, beliefs, and 
principles that seemed to guide action” (p. 300).   
One of the most important aspects of research in teacher beliefs, theories, 
knowledge, knowledge structures, and conceptions is to understand in depth the 
teachers’ personal journey. Therefore, in all research, particularly in social 
sciences, researchers have struggled to look at their work through the participants’ 
perspective. If the goal is to understand teachers’ beliefs, theories, knowledge, 
knowledge structure, and conceptions, then teaching needs to be examined 
through the lens of a “teacher’s story” (Freeman, 1994). Personal narratives are 
the means to understand an individual’s beliefs, knowledge, and experiences, 
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because individuals understand and relate their experiences through those 
narratives (Casey, 1993; Clandinin & Connelly, 2000; Drake, Spillane, & 
Hufferd-Ackles, 2001). Personal life stories provide researchers with a window to 
make sense of people’s personal beliefs, knowledge, and experiences as well-
knitted nets of complementary parts.  
In the subsequent pages the research literature is summarized in areas 
related to (a) teachers’ general beliefs of teaching and learning, (b) teachers’ 
conceptions of subject matter or content knowledge, and (c) teachers’ beliefs 
about teaching in a specific context.  
 
Teachers’ General Beliefs About Teaching and Learning 
Teachers tend to act according to their own theories and beliefs on 
teaching. Day (1984) claimed that teachers have their “espoused theory” and 
“personal theory.” His study of in-service teachers showed that teachers are more 
likely to change their espoused theory into a “new personal theory” if they can 
reflect on and discuss their experiences. These theories then can help teachers 
define classroom tasks and select cognitive tools to interpret, plan, and make 
decisions regarding such tasks. A teacher’s beliefs play a critical role in 
interpreting behavior and organizing knowledge and information (Pajares, 1992). 
Carter and Doyle (1995) suggested that teachers’ beliefs about teaching and 
learning function as guiding principles in that they “(1) define what is recognized 
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as notable in the stream of experience; (2) specify how issues and problems can 
be thought about; and (3) persist even in the face of discrepant information” (p. 
188). 
Teachers’ beliefs about learning are closely connected to their subsequent 
decisions during teaching. Fischler (1994), in his qualitative study of 2 beginning 
physics teachers, found that teachers hold “learning as a unique process which 
comes about almost automatically and which only requires the presentation of the 
subject” (p. 175). Also, beginning teachers hold a strong view that fundamental 
requirements to successful teaching are flow of activity without interruption and 
completion of a topic in the given time. Therefore, teachers who have such views 
about teaching and learning trust that as soon as the teaching process is complete, 
the learning process ends as well.  
Another study on teachers’ beliefs asserted that teachers construct their 
own ideas about teaching and learning and trust them to the extent that those ideas 
become nonperishable principles of teaching and learning. Tobin and McRobbie 
(1996) called such rules cultural myths. Those myths are situated in teachers’ 
teaching and learning schema in the form of (a) transmission myth, (b) efficiency 
myth, (c) myth of rigor, and (d) myth of preparing for standardized tests. Tobin 
and McRobbie suggested that these myths are based on two basic sets of beliefs: 
(a) beliefs about the nature of knowledge and (b) beliefs pertaining to the 
distribution of power. The authors also noted that these cultural myths support the 
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existing status quo and foster resistance to the enactment of a student-focused 
curriculum. Fischler’s (1994) findings concurred with the efficiency myth and 
myth of rigor. In his study the teachers believed that completing the task without a 
hitch completed the teaching as well as the learning processes. He also noticed 
that “external activity-oriented criteria play a more important role than 
considerations about learning” (p. 178) during classroom teaching. 
Teachers’ beliefs of teaching and learning also are strongly linked to their 
personal teaching practices. Gallagher and Tobin (1987), in a study of 16 
Australian high school science teachers, found that the teachers tended to equate 
task completion with learning. The teachers in their study believed that their job 
was to cover the content material in the text in the given time. The teachers left 
the responsibility of learning to students. Gallagher and Tobin pointed out that the 
majority of class time was spent in whole-class interactions, with teachers having 
a considerable amount of control over the pace of the lesson. They also found that 
the teachers, for the most part, interacted with only the top 25% of the students 
during whole-class interactions. If these “target students” appeared to understand 
the content, the teachers moved on to a new content area or topic. Teachers’ 
beliefs on teaching and learning have a profound impact on how teachers interact 
in class; therefore, what happens when teachers’ beliefs contradict with their 
practices? 
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Czerniak et al., (1999) study of 107 K-12 science teachers revealed that 
the teachers “believe[d] that including cooperative learning in the classroom can 
help increase student learning, make science more interesting, increase problem 
solving ability and help student learn cooperative skills” (p. 128). However, the 
same teachers also believed that cooperative learning increases off-task behavior 
and takes up too much class time, leaving less time for other important activities. 
The study found that the concern for off-task behavior is a stronger predictor of 
the teacher’s intention to not to use cooperative learning. Therefore, teachers’ 
belief about the negative influence of cooperative learning on class management 
influences their decisions on discontinuing a cooperative learning environment. 
Bandura (1986) agreed with the notion that beliefs are the best indicators of the 
decisions that people make in their lives. The reality is that people act on what 
they believe.  
Metaphors help to externalize teachers’ beliefs about teaching and their 
role as a teacher. In one study, Carter and Doyle (1987) identified several 
metaphors that teachers use to describe their beliefs about teaching and learning. 
One teacher portrayed her role as a driver navigating a complex and treacherous 
route. Another teacher characterized her role as a defender of a territory or a 
commodity. These types of metaphors revealed their potential actions in a 
classroom. Gurney’s (1995) study of preservice science teachers’ metaphors 
pointed out the beliefs held by these teachers about teaching and learning. Gurney 
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identified some key beliefs about teaching and learning among preservice 
teachers: (a) Teaching is an information transfer process, (b) teaching brings 
change in pupils that produces growth of knowledge, and (c) teaching and 
learning are personal and humane activities.  
How do beliefs about teaching and learning develop? The National 
Science Education Standards (NRC, 1996) advocated for science learning to be 
active and inquiry based. This means that students do activities rather than 
observe something that is done to them. Additionally, today’s students are 
tomorrow’s educators. Therefore, their science experiences in schools shape their 
beliefs about teaching and learning (Calderhead & Robson, 1991). Not 
surprisingly Calderhead and Robson found that preservice teachers held vivid 
images of teaching from their experiences as students. Clark (2003) suggested that 
preservice teachers have to discover their beliefs about teaching and learning at an 
early stage during their career so that they can reformulate their beliefs.  
 
Teachers’ Conception of Subject-Matter (Content) Knowledge 
Science has diversified into many divisions within the disciplinary lines of 
biology, chemistry, and physics. Consequently, most people learn science as a 
fact-laden course with a very narrow focus. Teachers, when they were students, 
tended to receive a narrowly focused, divided, textbook-based, and didactic 
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classroom experience. These kinds of experiences resulted in the belief that 
science, by its nature, is “cut and dried” (Tobin et al., 1990).  
Educators, researchers, and policy makers have tried to emphasize the 
importance of helping teachers to understand the nature of science and the way it 
should be taught in schools. A large body of research in science education has 
studied teachers’ conceptions of subject matter, but these studies have emphasized 
teachers’ conceptions of the nature of science (Abd-El-Khalick, Bell, & 
Lederman, 1998; Bell, Lederman, & Abd-El-Khalick, 2000; Brickhouse, 1990; 
Brickhouse & Bodner, 1992; Duschl, 1990; Hodson, 1993; Lederman & Zeidler, 
1987). Several studies have established that there does not appear to be a link 
between teachers’ conception of the nature of science and their teaching behavior 
(Abd-El-Khalick et al., 1998; Bell et al., 2000; Brickhouse & Bodner, 1992; 
Hodson, 1993; Lederman & Zeidler, 1987). Bell et al. studied 13 preservice high 
school teachers and their conceptions of the nature of science. They found that the 
teachers had views of the nature of science that were consistent with 
contemporary conceptions. Additionally, the teachers indicated that the nature of 
science was an important instructional goal for them personally. However, none 
of the teachers thought that they had addressed sufficiently the nature of science 
during their teaching. The teachers gave three principal reasons for not 
incorporating the idea of the nature of science in their teaching: (a) The teachers 
saw conflict between teaching the nature of science versus teaching the science 
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content and process skills, (b) the teachers needed a substantial amount of time to 
teach the nature of science and keep up with other teachers, and (c) teachers 
lacked confidence in their own understanding of the nature of science. These 
findings concurred with those of Hodson’s (1993) study of 12 secondary science 
teachers. Hodson found that teachers who held clear and consistent views about 
the nature of science did not plan hands-on or laboratory-based activities 
regularly. Instead, as is common among teachers, they were more concerned with 
issues of classroom management and course content coverage. 
In another case study of a middle school science teacher, Brickhouse and 
Bodner (1992) found that teachers can have opposing views of what science is 
and what it means to teach science. In their case study subject’s view, science was 
an open-ended, inquiry-based subject. Contrary to this belief, the teacher believed 
that his role was to transmit knowledge to his students in a way that students 
could make sense of the knowledge. For the teacher, a scientist was a person who 
seeks new knowledge. At the same time, the teacher viewed students as just 
wanting to get better grades. Therefore, the teacher’s distinction between a 
scientist and a student was against the basic philosophy of the nature of science 
(Bell et al., 2000; Lederman & Zeidler, 1987).  
None of the aforementioned studies showed that the beliefs about the 
nature of science influence teachers’ classroom practices. However, they provided 
some evidence that teachers’ beliefs about the nature of science may influence 
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their practices. Brickhouse (1990) found that the 3 science teachers’ views of the 
nature of scientific theories, scientific processes, and scientific progress were 
correlated with their views about teaching and classroom actions. Two teachers 
considered science “to progress by the accumulation of facts rather than by 
changes in theory.” Similarly, they expected their students to “learn by 
accumulating bits of information” (p. 57). On the other hand, the third teacher in 
the study considered science to progress “through new interpretations of old 
observations and…students learn science not only by assimilating new 
information, but also by thinking about old information” (p. 57). Brickhouse 
concluded that these 3 teachers’ teaching strategies appeared to be aligned with 
their views about the nature of science. 
 
Teachers’ Beliefs About Teaching in a Specific Context 
According to Munby et al. (2001), “Teachers’ knowledge is heavily 
dependent on the unique context of a particular classroom” (p. 877). Shulman 
(1987) and Grossman (1990) categorized teachers’ knowledge of context as one 
of many categories of knowledge that teachers possess. When teachers encounter 
students in the classroom, they have to navigate through many complex situations 
and make choices that have both personal and practical meanings (Lampert, 1985; 
Munby et al, 2001). Therefore, a preservice teacher has a mental model with 
hardly any context-specific information. Consequently, these teachers make 
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teaching and learning decisions based on their general conceptions of teaching 
and learning. With the passage of time, teachers develop context-specific 
conceptions that help teachers connect their past experiences to current problems, 
define new problems, and test possible solutions to those problems (Calderhead, 
1996). Once teachers have developed relevant knowledge (suited for the task of 
teaching specific material to specific students in a specific environment), teachers 
use their acquired knowledge to guide their activities and reduce the mental load 
of teaching. 
Because learning is an active constructive process, students make meaning 
of what is being taught through a series of dialogues “involving persons-in-
action,” which allows the students to become members of the learning 
community, or classroom (Driver, Leach, Millar, & Scott, 1994). Cognitive 
theories agree with the above notion that learning is a dialogic process and 
“learning occurs not by recording information but by interpreting it” (Resnick, 
1989, p. 2). In their review of Cognition and Learning, Greeno et al. (1996) 
pointed out that in “situative/pragmatist-sociohistoric perspective views, 
knowledge [is] distributed among people and their environments, including the 
objects, artifacts, tools, books, and the communities of which they are a part” (pp. 
16-17). Therefore, a teacher’s perception of students is an important contextual 
variable. On many occasions teachers fail to recognize students’ ability, interest, 
and classroom environment as well as their own dispositions about students, 
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environment, and teaching and learning. Contrary to the rational view of teaching 
cognition, studies have shown that teachers’ preference of ways to promote 
learning is influenced by academic, school, and classroom contexts (Eraut, 1994; 
Lave & Wegner, 1993; McCarty, Wallace, Lynch, & Benally, 1991). Many 
teachers fail to realize that knowledge used in one context does not essentially 
guarantee transfer of learning into another context (Munby et al., 2001). This 
study was conducted in an urban school setting; therefore, it is important to 
understand the present context of urban science education.   
 
Urban Science Education 
 Characteristics of urban areas include (a) having a high ethnic minority 
population with less education, (b) being home to a significant number of 
immigrant families, and (c) having a high poverty level (Lollock, 2001; U.S. 
Census Bureau, 1998). Reform efforts have articulated that science education 
must go beyond acquisition of science knowledge (AAAS, 1990; NRC, 1996). In 
many urban schools, students do not receive the opportunity to take demanding 
courses such as science and mathematics. Many students in urban schools are 
guided by school staff to take lower track courses. Students are expected not to do 
well in mathematics and science, and many schools do not perceive urban 
students as high achieving (Oakes, 2000; Oakes et al., 1992). Therefore, urban 
schools knowingly or unknowingly promote education that stresses basic 
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knowledge acquisition as the goal of school education. Haberman (1991) labeled 
urban school teaching as “pedagogy of poverty” because teaching in urban 
schools lacks hands-on activities, critical thinking, problem solving, and 
discussions. Instead, urban school teaching is oriented towards information 
delineation, questioning, reviewing assignments, monitoring behavior, grading, 
and monitoring seat assignments. Haberman also argued that if teachers do not 
perform these activities, they are perceived as abnormal teachers by peers and 
administrators. Urban schools also suffer from an accountability load because 
their students continually have to get better grades on high-stakes tests. Therefore, 
teachers in urban schools tend to teach factual knowledge in science rather than 
conceptual understanding (Anyon, 1997; Carlson, 1997), even when reform-based 
teaching has shown improvement in minority, urban, middle school students’ 
science achievement and attitudes towards science (Kahle et al., 2000). 
Another problem with urban schools is that they tend to blame parents for 
their students’ behavior problems (Cullingford, 1996). Urban schools are 
culturally diverse; students bring their home culture into the classroom and learn 
in ways that are different from the mainstream population. McCarty et al. (1991) 
pointed out that teachers have to accommodate students who are different from 
the mainstream students in their teaching practices and in their curriculum design. 
Without such multicultural understanding and teaching practices, teachers may 
perceive students from poor minority families as not having the discipline and 
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etiquette to learn in the disciplined culture of school (Barton & Yang, 2000; 
Davies, 1997; Lee & Fradd, 1998). Fusco (2001) argued that in urban settings, 
learning science is not just about mastering the content, but also about making 
learning science a part of a broader community activity. Students have to believe 
that learning science is a part of understanding their experiences in a rational way. 
Fusco also argued that interest in learning science has to come from the 
“concerns, interests, and experiences” of the learners (pp 871). Therefore, 
teaching and learning science has to be a part of everyday life. Students should 
believe that learning science helps them to understand their everyday experiences, 
and teachers should use those experiences as a part of science teaching.  
 
Research Framework 
During classroom interactions, teachers’ decision-making processes 
happen within a teacher–student community context. Though this community is 
different from its members’ typical social community, the interactions, exchange 
of ideas, constraints, roles, and values and beliefs relating to the actions have their 
roots in the sociocultural environments of the participants.  
The theoretical framework for this research and analysis is based on the 
premise of a mutual relationship between the individual interactions and the 
sociocultural environment (Vygotsky, 1978, 1987) that they live in or interact. In 
this regard Rogoff (1995) suggested that the “use of activity or event as the unit of 
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analysis with active and dynamic contributions from individuals, their social 
partners, and historical traditions” (p. 140) generates a uniquely transformative 
relationship between the participants and “the social and cultural environment in 
which each is involved” (p. 140). Therefore, in classroom situations, students and 
teachers participate in a cultural environment to which each brings his or her 
individual experiences.  
According to Williams and Baxter (1996), teaching that includes students’ 
experiences, values, and prior knowledge as a part of learning helps to produce 
knowledge. As for teachers, inclusion of students’ experiences, prior knowledge, 
and their beliefs and values shifts teaching and learning from a didactic process to 
more of a constructivist learning process. In this case, even though the teachers 
ultimately control the direction of classroom interactions, they recognize the 
importance of students’ input in their teaching and decisions-making processes 
(Nathan & Knuth, 2003; Rogoff, 1995; Williams & Baxter, 1996). Similarly, 
Rogoff contended that people participate in various communal activities as a unit, 
and each one influences another’s actions or thinking. As teachers make 
classroom decisions for a certain action, they simultaneously prepare for the next 
action based on information from previous ones.  
Williams and Baxter (1996) looked at the influence of students’ 
experiences (discourse) in teaching and teachers’ decision-making processes 
based on two levels: (a) analytical scaffolding (conceptual understanding of 
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contents) and (b) social scaffolding (social behavior and expectations). Each of 
these scaffoldings helps to guide teachers to make appropriate decisions during 
teaching. During classroom interactions, students’ input and the teacher’s actions 
based on those inputs shape the type of sociocultural experiences that are valued 
during science learning. At the same time, the teacher’s validation or 
acknowledgement of students’ experiences creates a climate that is in line with 
reform-based initiatives. Williams and Baxter acknowledged the tensions that the 
teachers face while implementing a reform-based curriculum. Balancing students’ 
input based on their sociocultural contexts and science concepts is a real 
challenge. To this end, the current study’s analysis of the data collected during the 
implementation of the LiFE curriculum increases understanding of teachers’ 
thinking during classroom interactions. The analysis used classroom interactions 
as units of analysis with a cross-case study as the overarching methodology. 
The research reviewed shows clearly that the kind of knowledge that 
teachers use in everyday work relies on the students, their experiences, the 
teachers’ thinking and experiences, and the school community. In summary, 
teachers have to be mindful about the contexts of their professional environment. 
Teachers also must be willing to adopt the view that students are active learners 
who have pre-existing dispositions about content, leaning, and teaching. Finally, 
schools should create an environment that promotes active learning.  
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Most previous studies have focused on understanding teachers’ thinking in 
relation to their actions before or during classroom teaching. Educators, 
psychologists, teachers, curriculum developers, administrators, and anyone 
associated with teaching and learning know that teacher thinking affects teacher 
action, which in turn affects teacher thinking. The review of literature 
demonstrated that until recently, most teacher-thinking research has investigated 
the influence of isolated constructs. What is missing in the research on teacher 
thinking is the connection between teacher thinking and the collective influence 
of various factors that shape teachers’ actions in a classroom. Teachers’ thinking 
is shaped by various social, cultural, historical, and academic factors. 
Additionally, many mediating or interconnecting variables affect a teacher’s 
thinking and actions, such as school environment, gender, student context, 
ethnicity, and classroom discourse. Researchers have hardly scrutinized multiple 
areas of teacher thinking within a single study. To gain a better insight into the 
complex and dynamic cognitive life of teachers the influence of multiple factors 
on teacher thinking has to be studied. This study was an attempt in that direction, 
designed to fill that gap in the literature. However, it was beyond the scope of this 
study to understand the relationship between teacher thinking in action and the 
factors that influence teacher thinking. Therefore, this study focused on the 
connection between teacher thinking and action and students’ experiences and 




Critical issues in current teacher thinking research literature were 
reviewed in this chapter to provide a foundation for this study. The literature 
review examined existing research on teacher planning, interactive decision 
making, teacher beliefs, urban science education, and context-specific teaching 
and learning. The review demonstrated that little research has occurred in 
understanding the connection between teachers’ thinking and students’ 
experiences in a science classroom. Therefore, the current study examined the 
implementation of the LiFE curriculum in an urban middle school science class to 
increase understanding of teachers’ thinking during classroom interactions. The 







 This study used cross-case study methodology utilizing the construct of 
emergent themes as the determination of data analysis (Boyatzis, 1998). The 
proposed research questions described earlier were based on possible emergent 
themes. The open-ended, overarching question of this study was, What are 
teachers thinking during science instruction about (a) students’ experiences and 
(b) science content? The purposive sampling of this study included teachers who 
supported students’ experiences in the science classes; however, the study was 
designed to determine teachers’ thinking and decisions about students’ 
experiences in science class. As the class observations and stimulated recall 
interview process with the teachers progressed, several unanticipated themes 
emerged regarding teachers’ thinking and decision making and students’ 
experiences and science content.   
 
Rationale for Cross-Case Study 
This qualitative study was conducted utilizing cross-case study 
methodology. Miles and Huberman (1994) described cross-case study as 
comparative study. Therefore, this study does not differentiate between the two, 
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and it is beyond the scope of this study to discuss cross-case study and 
comparative study in detail (see Miles & Huberman, 1984, for details). Cross-case 
study was chosen because it best suited the need to research and describe a 
phenomenon that could not be explained through quantitative methods or a 
qualitative method that would require a priori knowledge. This methodology 
allows the researcher to compare and contrast the processes and themes across 
different cases. Complex and sophisticated descriptions and more powerful 
explanations provide better understanding of the phenomenon under study. 
Teachers’ thinking about students’ experiences and science content during science 
teaching is a complex, everyday event that can be best described through cross-
case study. Asking teachers about their decisions and thinking contributes to 
further understanding of the phenomenon. This understanding allows curriculum 
developers to design (a) improved teacher education curricula and (b) better 
science curricula to address the needs of diverse student populations. This also 
enables teachers to enact effective science instruction. 
 
Meaning of Cross-Case Inquiry 
 A case can be a phenomenon, a person, or a place where a phenomenon 
takes place. Therefore a case is a “bound context” (Miles & Huberman, 1994, p. 
207-208) where a phenomenon is happening. According to Yin (1984), many 
cases can also contain sub-cases that are part of a larger case. Yin noted that case 
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studies investigate human actions in their natural or semi natural environment 
without any interruptions. 
 On the other hand, cross-case study is a kind of multiple case study. 
Cross-case study allows accumulation of pertinent information in the social 
context under study. In this case, meaning is accomplished from the construction 
of knowledge between researcher and participants. Cross-case study offers 
researchers deeper understanding of the phenomenon by allowing comparisons 
among multiple cases under the same theme. Thus, cross-case analysis improves 
the possibility of generalizability. However, Denzine (1983) and Guba and 
Lincoln (1981) have not supported the idea of generalizability in qualitative study, 
because the population sample is small and purposefully selected and qualitative 
study relies on personal interpretations. Nonetheless, cross-case analysis allows 
for deeper understanding and explanation of outcomes and themes. According to 
Glaser and Strauss (1967), multiple cases can inform researchers about the 
possibility of a certain event occurring in a given situation. Noblit and Hare 
(1988) added that cross-case study preserves uniqueness and provides 
comparisons for themes.  
Purposive Sample 
The purposive sampling for this study was elementary school teachers in 
two elementary schools in the southern United States. These teachers are 
participating in the implementation of the LiFE curriculum (see Appendix C for a 
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sample lesson). LiFE is an environment and life science curriculum designed to 
teach science in a reform based manner that allowed maximum student 
participation and discussions. The implementation phase of the LiFE curriculum 
began in 2002 and through collaboration has reached six states. Most of the 
schools that have participated in the LiFE curriculum serve minority and poor 
urban populations. The curriculum was designed at Teachers College, Columbia 
University, New York; The University of Texas at Austin Department of Science 
Education is one of the partners. Before implementing each new module, the 
teachers go through detailed workshops so that they can provide the best science 
instruction possible.  
Four teachers from two elementary schools participated in this study. The 
teachers were matched according to their years of experience teaching elementary 
science (descriptions of each teacher are provided in Chapter Four). Among the 4 
teachers, 2 taught fifth-grade science and 2 taught fourth-grade science. The 
teachers taught from the LiFE curriculum twice a week; on other days they used 
the school district–mandated Full Option School Science (FOSS) curriculum. All 
the names used in this study are pseudonyms to preserve the anonymity of the 
participating teachers and their respective students. 
 
Data Collection 
 Data for this study were collected from a variety of methods. The stress 
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was placed on videotaped and audiotaped classroom interactions and stimulated 
recall interviews. The data collection process also included detailed observation 
notes. As noted, 4 elementary school teachers from two elementary schools in an 
urban school district in the southern United States participated in the study. The 
following data collection methods were used: videotaping, audiotaping, 
stimulated-recall interview, and other data points. 
 
Videotaping 
Each teacher’s seven science lessons were videotaped. The videotaping of 
the lessons was spread over 5 months in the 2003–2004 academic year. Each 
lesson was about 40 minutes long. During the videotaping, the camera followed 
the teacher to capture the interactions between the students and the teacher. 
 
Audiotaping 
For each teacher, eight science lessons were audiotaped. The audiotapes 
were placed in four locations within the class to capture all interactions between 
the students and the teacher. The reason for using audiotapes instead of 
videotapes was based entirely on the lower cost of the audiotapes.  
 
Stimulated-Recall Interview 
Teachers were interviewed six times each after videotaping the lessons. 
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The stimulated-recall interviews took place at the end of the school day. In some 
instances, because of other important school commitments, teachers could not 
volunteer for interview the day the videotapes were recorded. In such cases the 
interview took place the earliest possible day so that teachers could provide the 
best response during the stimulated-recall interview sessions. During the 
interviews the teachers watched their classroom teaching on a digital video and 
answered questions related to their actions during teaching. Most of the questions 
during the interview were open ended to elicit detailed responses from 
participating teachers. All stimulated-recall interviews were based on the 
videotaped classroom interactions because videotapes provided all the actions that 
happened during the class, including students’ and teachers’ nonverbal 
expressions.  
 
Other Data Points 
Other data included school curriculum, LiFE curriculum, and student 




 All the data collected were analyzed or coded using NVivo software; 
coding developed emergent themes. Nvivo allows the researcher to analyze 
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qualitative data by supporting processes of coding in an index system that 
searches texts or patterns of coding. The units of coding were not limited to a 
phrase, sentence, or paragraph; the basis of a unit was developed on complete 
thoughts. The units of coding prevent researchers’ taking respondents’ thoughts 
out of context and misconstruing their stories. Twenty-two categories for codes 
were identified and then developed into five larger themes (see Appendix A). The 
data were analyzed two different times to determine if any information was 
initially overlooked. Also, to further insure that the codes and themes were 
consistent across the cases, a graduate student in Educational Administration 
volunteered to code two randomly selected cases.  
The cases were studied as single cases and then combined with other cases 
in a matrix to generate common themes and outcomes. Systematic comparisons 
were performed along the way until solid outcomes were ascertained. Unique 
outcomes were examined very carefully to strengthen the outcomes. Once the 
researcher determined that no new codes could be generated by continuing data 
analysis, the data were compiled into one large data set. 
 
Establishing Trustworthiness 
All research has to have trustworthiness in its methodology as well as in 
its data analysis process. During this study, trustworthiness was established 
through creating credibility, transferability, dependability, and conformability 
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(Erlandson, Harris, Skipper, & Allen, 1993; Lincoln & Guba, 1985; Tashakkori & 
Teddile, 1998). Credibility is the most important component of trustworthiness. In 
this study, credibility was established through triangulation of data generation and 
collection, purposive sampling procedures, member checking, and a personal 
reflexive journal. 
 The first requirement of credibility was established by engaging with the 
participants for a prolonged period of time. The researcher was involved with the 
4 elementary school teachers through the LiFE project since the Fall of 2002. 
During this time the researcher, as the project coordinator, observed, organized, 
and provided feedback to the teachers while implementing the LiFE curriculum. 
Thus, being a member of an organization “enables the researcher to learn the 
culture of the organization over an extended time period…and…also helps the 
researcher build trust and develop rapport with the respondents” (Erlandson et al., 
1993, p. 133).  
 Triangulation was achieved by using multiple sources of data and methods 
that would emphasize credibility. Triangulation is the process of validating each 
piece of information with at least one other source (Lincoln & Guba, 1985). For 
example: The class observation data were matched against interview data and the 
curriculum. If these data sets gave consistent results, triangulation was achieved. 
Documentation collected included science curriculums, classroom observations, 
interviews, student interactions, and description of physical facilities.  
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 A third criterion for credibility is member checking. Member checking 
was completed by asking the participants for clarification questions, providing a 
hard copy of their interview transcripts for review, and asking for the participants’ 
approval of the summaries of the classroom observations. Participants had the 
opportunity to leave the study voluntarily at any time, but none acted on that 
option. 
 Another aspect of trustworthiness is transferability. This was established 
through purposeful sampling and detailed description of context to the reader. Full 
disclosure of the reflexive journal is also available upon request by the reader to 
provide deeper understanding of the contextual setting.  
 Dependability and conformability are the other two important parts of 
trustworthiness. Because dynamic contexts are impossible to replicate, an inquirer 
audit may be performed to verify dependability. This report contains excerpts 
from data, findings, interpretations, and recommendations to allow readers to 
judge the dependability of the investigation. These excerpts are in the appendix 
and include samples from the reflexive journal, transcripts and summaries from 
interviews, and definitions of codes used for theme developments.  
 
Inter-rater Reliability 
 During the triangulation process, the researcher coded two sets of 
transcribed interviews that were chosen randomly from a set of four transcribed 
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interviews (one for each teacher). The same interview and the codes with the code 
descriptors were given to a doctoral student in the Department of Educational 
Administration at The University of Texas at Austin. The researcher explained all 
the codes to the doctoral student for clarity. After the researcher and the doctoral 
student coded the interviews, inter-rater reliability was calculated for the 
interview data. The inter-rater reliability for the stimulated-recall interview data 
was 84%.  
 Inter-rater reliability was calculated for classroom interactions, too, using 
the same procedure. For classroom interactions, the inter-rater reliability was 
95%, much higher than that for the interview data. The discrepancy in the two 
inter-rater reliabilities can be attributed to the use of videotaped lessons to 
determine the inter-rater reliability for classroom interactions.  
 
Researcher as Instrument 
 Because qualitative study entails interactions among human beings and 
their actions, the human experiences becomes a part of the research process. Also, 
“to get the relevant matters of human activity, the researcher must be involved in 
that activity” (Erlandson et al., 1993, p. 15). The researcher is the data collection 
instrument, so stakeholders share meaning making (Erlandson et al., 1993). At the 
same time, this method results in possible biases and preferences in the analysis 
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and interpretation of the data. Therefore, the reader should know the researcher’s 
background in detail. 
 
Educational Experiences 
 I am from Nepal, a tiny kingdom sandwiched between India and Tibet. I 
grew up in an extended family where at one point 34 members lived under one 
roof. I had my literacy education at home with my sisters and brothers. I went for 
formal schooling in 1972 to the school that served many villages within the 
walking distance of 2–3 hours. I went to Rastriya Prathamic School (National 
Primary School) for my first formal education in Grade 2. I walked for 2 hours to 
my school every day. In 1974 my parents moved to another village in Nepal so I 
attended Grade 3 there. In 1975 I received a National Scholarship to study in a 
boarding school in Kathmandu, the capital of Nepal. In 1982 I graduated from the 
high school in the top 1% of my nationwide graduating class of approximately 
63,000 students.  
 I entered Trichandra College in Kathmandu as a science major in 1985. I 
studied Physics, Mathematics, and Statistics. After completing my B.S., I went to 
teach science and mathematics to high school students in the local schools. 
Because of the political unrest and strikes, I lost about 3 years between 1985 and 
1990. Thus, my Master in Science (M.Sc.) degree in Physics was delayed. I 
graduated from the Physics department with a M.Sc. degree in 1992. Right after 
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graduation, I decided to take education courses and get the teacher certification. In 
1997 I received the Fulbright Scholarship to study in the United States. I entered 
the Teachers College, Columbia University, New York, to get my Ed.M. in 
Science Education. After graduating in 2000, I came to The University of Texas 
at Austin for my Ph.D. in Science Education. 
 
Professional Experiences 
I started teaching in 1986 as a substitute teacher at Bagmati High School. 
The school served middle- and low-income families from the neighborhood. The 
proportion of middle- and low-income families was about half and half. My work 
required teaching mathematics and science to high school students. I worked in 
this school until 1989-1990. In 1989-1990 I started working in Kantipur School, a 
combined middle school and high school, as a physics and mathematics teacher. I 
taught mathematics to middle school students and physics to high school students. 
Most of the students in this school were from middle-class families. 
From 1992 until 1998 I taught physics and integrated science in 
Budhanilkantha School, the National School of Nepal, serving Grades 4–12. 
Almost 25% of the students in this school were from extremely poor families 
representing all geographic and ethnic reasons of Nepal. These students were on 
full scholarships funded by the Nepalese government. Some of these students had 
never seen an electric light bulb, a car, or a TV before coming to this school. The 
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school now has about 850 students representing all geographic, economic, and 
ethnic groups.  
Between 1998 and 2004 I volunteered to teach or help elementary middle 
schools in New York City as well as in Austin, Texas. This kind of involvement 
has provided me with valuable knowledge about the workings of the school 
systems in the United States. 
I am currently the project coordinator for the LiFE program at The 
University of Texas at Austin. My duties include providing workshops to 
teachers, observing LiFE lessons in the science classes, providing feedback to the 
teachers, seeking feedback from the teachers on LiFE curriculum implementation, 
providing parent workshops, writing annual reports, and presenting project 
findings in various national and international conferences.  
 
Summary 
This chapter described the cross case study that the author utilized for this 
investigation. Also, the chapter described the data collection and analysis methods 
in detail. An analysis framework was provided to make sense of the data using 
coding to generate clear emergent themes. Finally, the description of the 
researcher’s background provides readers an opportunity to understand the biases 
and preferences that may have influenced the analysis and discussions.  
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CHAPTER FOUR 
ANALYSIS AND RESULTS 
 
This cross-case analysis sought to determine teachers’ thinking processes 
during science instruction about students’ experiences and science content. Short 
life histories of the 4 teacher participants are presented to provide the context and 
background of the teachers. These life histories will help the readers to understand 
the beliefs and thinking of the teachers regarding science, science education, 
teaching, and learning. 
 
Life Histories: Understanding the Person 
 
Jane 
 Jane is a fourth-grade elementary teacher in her late 40s who works in an 
urban elementary school in the southern United States. Her school is in a poor 
neighborhood with a large Hispanic population. She has taught in this school for 4 
years. 
 During her own elementary school years, Jane recalled doing very little 
science except for a couple of demonstrations and collecting shrubs and flowers. 
In middle school she remembered doing some science activities. She recalled that 
her science lessons were teacher-led demonstrations, and time was spent in 
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“filling up worksheets and writing notes.” During high school she did not take 
science because she believes that she was “not good in science to do well.”  
Jane’s father had a job in the U.S. Air Force that took them to different 
parts of the United States as well as abroad. As a kid Jane remembered herself as 
a person who always “ended up in an unknown nation among people who looked 
different and spoke different tongues.” Jane graduated from high school while she 
was in Germany. She remembered her years abroad with fondness:  
I got to see what other people looked like, what they did, and how they 
talked. It was a great opportunity for me to learn about others. The early 
exposure that I got to the diversity made me appreciate, admire, 
understand, and respect what others knew. I really enjoyed being around 
those who looked different than my family and I. I’m different from many 
other people who live in [my current town] because of my early 
experiences.”  
 
Jane reported that her experience made her “a better teacher and definitely a better 
science teacher, a teacher who is more sympathetic to not-so-normal (both 
different from mainstream and special needs) students.” 
As an undergraduate, Jane studied English, philosophy, and history. She 
studied science for only two semesters, covering some preliminary physical 
science, life science, astronomy, and Earth science. Jane reported regretting not 
studying more science during her undergraduate years: “I wish we had more 
science instead of just couple of beginners’ level courses. This did not prepare me 
to teach science.” When she received her teacher certification, she felt that she 
was “not well prepared to do science with lots of hands-on activities.”  
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 Jane started teaching as a substitute teacher for about 7 years. She taught 
science, mathematics, and history to elementary school kids. She liked this job but 
worked part-time to take care of her children at home. She practiced most of her 
classroom management and teaching skills while substitute teaching. 
During these years she also saw her daughter struggle with science. Her 
daughter graduated from a “poor public school with hardly any good teachers and 
resources for science learning that prepared competent science students.” She saw 
her daughter struggle in college biology classes where “she couldn’t perform 
experiments well in the lab; couldn’t understand what the professors taught 
despite extra tutoring.” Her daughter’s “sorry” situation forced her to leave 
science and major in mathematics. Jane now believes that the have got to learn 
science in better ways.”  
Jane started teaching in her current school in 1999. She reported that her 
students are very diverse ethnically but at the same time bring “many new things 
in to the classroom.” She has found that students [have] “so many different 
experiences, ideas, views, and knowledge that I should use them in my teaching.” 
She expressed her thinking about students’ experiences as a “tool that [can] 
enhance my own learning as well as other students’ learning of science, history, 
or anything.” She has found a vast resource of ideas, experiences, and knowledge 
in her students: “They are eager to learn and share what they know and I do the 
same. My thinking about what decisions that I have to make in science classes [is] 
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many times based on what my kids bring in the class.” She stressed, “If students 
from poor families do not get the opportunity to learn and be open to new ideas 
through sharing their experiences and knowledge, then I don’t think the nation 
can expect scientifically literate, college-bound science students.” 
Jane is a self-learner. She seeks new ideas, new ways to teach, and strives 
to know more about effective teaching. She does not feel that she has had enough 
science background, but she likes to have her class full of dynamic interactions. 
She is very comfortable with the chaotic and noisy nature of science activities that 
involve young students. She expressed her belief that science classes are supposed 
to be full of interactions and questions: “I want my students to think, share, and 
question each other’s answers and findings. I want them to act like scientists. I 
want them to fail and rediscover what the reasons were for their failed 
experiments.” Jane’s desire to allow her students to explore science in an open 
environment shows her commitment to teaching science as advocated by recent 
reforms, national benchmarks, and good science teaching practices. 
Jane sees the LiFE curriculum in a different light than the FOSS 
curriculum. The LiFE curriculum is what she was looking for in a curriculum: “I 
want a science curriculum that allow [s] me to be open and free to bring new 
concepts and contents. Also LiFE curriculum help[s] to bring students in the 
process of learning as well as managing the day-to-day curriculum.” For her, 
having students as a “part of” the micro-curriculum is a great achievement in 
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teaching: “I [look] at student input in my curriculum as a vehicle to boost 
confidence and an excitement to learn science.” Jane believes she cannot do many 
things with the FOSS curriculum because it has too many “worksheets with jumps 
in the concepts.” Jane sticks to the FOSS curriculum, but at the end of the 9 
weeks, she has to return the FOSS kits to the district to be rotated with other 
schools. By giving teachers a limited time frame to complete a given section, the 
school district has limited classroom discussions.  
Jane believes that the LiFE curriculum provides students with an 
opportunity to be like a scientist through the QuEST cycle (see Appendix C for 
detail). She described this part of the curriculum as a means to help students 
understand the many aspects of doing science and learn from the “scientific 
errors” they make in the experiments: “[The] QuEST Cycle allows students to 
learn that errors in science are an integral part of learning…scientists learn from 
errors and discover new ways to answer a question that (scientists) are interested 
in.” Because Jane allows sufficient room for student input, she models a 
constructivist curriculum. 
Jane believes that students should be provided with many science concepts 
so that they can understand the relationships between them and be able to use 
them in meaningful ways:  
Many ideas, concepts, and knowledge are shared during my science class. 
I like to introduce new concepts and elaborate on the ones that I think are 
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important for students to know…many science concepts are introduced 
because they are important for [statewide high-stakes tests], too.  
Jane reported a need for new concepts that can enhance students’ science 
understanding without weakening their desire to discover more about science.  
Jane is a caring science teacher with a strong conviction to support her 
students to excel in science. She believes that she is not a master in science 
content, but she is a very passionate science teacher who provides a nurturing 
social environment to learn and do science. Jane portrayed herself as a teacher 
who seeks growth by taking professional development classes in science content 
as well as pedagogy.  
 
Michael 
Michael is a fifth-grade elementary school teacher in an urban city in the 
southern United States. He is in his mid-40s and has been teaching in this case 
study school for the last 6 years. Most of his students are from Hispanic families; 
a few are from White and African American families. All of Michael’s students 
come from low socioeconomic status families where many of the parents work 
two or three different jobs.  
 Michael remembered that his elementary and middle school science 
classes involved memorizing scientific facts and answering lots of knowledge-
based questions. He also remembered his science classes as being quite inactive: 
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“We hardly got to do any stuff. Most of the things were guided by teachers with 
worksheets; not a lot of interactive discussions.”  
 In high school, Michael took some basic science classes but no advanced 
classes. He did not feel strong enough academically to take those classes. He 
believed although he was an average student, he could take some science, but he 
“decided not to do hard science.” At the college level he took quite a few science 
classes. He believed that the science classes in college helped him change his 
outlook towards science and science learning: 
When I was in my undergraduate program, I took this one science class 
and [it was] the first time I really ever understood the full scientific 
process. The professor said to me, “It is not the matter of proving 
something wrong, it’s the matter of proving something right.” That 
changed my whole aspect of looking at science. 
 
Michael thinks that science teaching and learning is about understanding 
nature. He pointed out that students need to understand science as a part of their 
life because science is “around them all the time.” Michael strongly believes that 
science is an active subject that has an open learning agenda: “Science is more 
open ended than, say, social studies or math, where it’s very, very specific. In 
science you get little more leeway.”  
Michael also emphasized that students need to learn science processes 
because they are an important part of doing science and also fulfill the school 
district’s demand: “ [The district’s] big thing is to focus on scientific processes, 
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and the district has decided to focus in, and there are certain things I think you 
need to cover.”  
 Michael feels that a science curriculum should provide enough room for 
adding and deleting content. He described the LiFE curriculum as very flexible 
and adaptable to students’ knowledge. He mentioned that the LiFE curriculum 
allows students to view science from the perspectives of their daily lives. He 
believes that students are more excited about the things that they feel are tangible 
and useable:“[A] good thing about [the] LiFE curriculum is that it allows me to be 
open and test the understanding in many ways.” As for the FOSS curriculum, 
Michael expressed, “It is very much guided with our [teachers’] focus on 
completing the worksheet and moving on. [A] 9-week block curriculum doesn’t 
help either, because it ties me [so I can’t] do more.”  
 Michael said he wants his science classes to be remembered as being very 
open to discussions with productive social interactions. He also wants his science 
classes to be supportive of student diversity. Though elementary-level science 
provides broad scientific perspectives, it does not allow students enough time to 
reflect on their learning: 
My goal for them in science is to have not only the awareness and 
understanding but at least a[n appreciation for that process because 
in elementary school you’re still forming children’s 
minds….You’re throwing [in] a bunch of broad topics. All we do 
in elementary, unfortunately, is very limited [in] depth in some 
things but our objective is to provide [an] overall [nd] general, 
broad perspective and appreciation for different sciences-not too 
specific to one topic.  
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Michael loves teaching science and asking students to think critically. 
Despite limited time, he goes to great lengths to accommodate students’ 
inquisitiveness and to devise a curriculum that fits his students. 
 
Vera 
 Vera is a fourth-grade teacher in another urban elementary school in the 
southern United States. She has been teaching in this school for 4 years. The 
student population is predominantly Hispanic children whose parents work a 
couple of jobs to keep up with the daily necessities. Almost all the children in this 
school come from poor socioeconomic families. 
 Vera did not have hands-on science instruction during her elementary, 
middle, and high school years. Her science education was “rote learning with 
occasional experiments. I wish we had more experiments that we could [have 
done] on our own.” During college, she took the required science courses only 
because her background left her “not well prepared.” However, she was very 
comfortable with mathematics: “I love[d] doing math since I was a kid. I don’t 
know why I didn’t like science even when math and science are so closely related. 
I believe that my school experience made me not like science.” Vera expressed 
unhappiness that she lost the opportunity to learn science in a positive 
environment: “I have two sons and I constantly tell them that they need to learn 
science and be good at it. We talk about science now.” She now takes time to help 
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her own children to like science and get the best experience in science during their 
schooling.  
 Vera believes that her students should understand science to “have [an] 
intelligent conversation” when they complete their studies. Her focus and thinking 
about teaching science, including mathematics, her best subject, is to provide 
elementary students an appreciation for what they learn: “I believe that 
elementary teachers have [to] help kids to have [a] broad general knowledge of 
science or math. We just have to provide an environment for curiosity and teach 
basic concepts.” She believes that her decisions during science teaching should be 
about getting the concepts right.  
 Vera also thinks that an elementary school curriculum has to be more 
guided, because teachers need to cover too many little things in a given subject, 
and science is full of little concepts. She claimed that the LiFE curriculum is 
asking too much from her because she does not feel well versed in science:  
[The] LiFE curriculum is demanding for me. I don’t know much in 
science and the teacher’s guide in LiFE didn’t have enough information 
for a teacher like me. The activities are good but there is [a] lot of 
discussions which I feel unprepared for. 
 
Vera enjoys a more descriptive curriculum where she does not have to 
prepare a lot to teach. She prefers the FOSS curriculum because it is more guided 
and focused. She believes that elementary students need more focused science 
rather than broad and open concepts. She likes to have her curriculum well 
matched with high-stakes tests because her students need to score a passing grade.  
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 Even though Vera is reluctant to make active decisions in science, she 
genuinely believes that science has to be taught effectively in elementary schools. 
She also claimed that she would not hesitate to push her students to attain 
scientific literacy. She is aware of her role as a teacher even though she struggles 
to keep up with the science content. 
 
Daisy 
 Daisy is a female fifth-grade teacher in her 30s. She works in a very poor 
elementary school in an urban elementary school in the southern United States. 
She has been working at this school for 6 years. The school is in a predominantly 
African American neighborhood. With the exception of two Hispanic students 
and one White student, her entire class is African American. 
 Daisy’s science class experiences in her elementary and middle school 
were very traditional with usual demonstrations and a lot of “writing and note 
taking from the board.” She reported that she “learned” science concepts through 
memorization and reading textbooks. During high school, she took life science 
but struggled to keep up her grades because her parents’ jobs required moving to 
new schools.  
 Daisy studied biology in college. She was not excellent at it, but she felt 
that she did well. She struggled in laboratory work initially but managed to get 
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through it: “I could have done better if I had some good high school biology. I’m 
satisfied with what I achieved.”  
 Daisy believes in teaching good science to elementary students because 
science affects their success. She also emphasized up to par in science: “I want to 
do more hands on and discussion, but my students are very weak in science and 
math…They can’t digest science concepts well. I’m limited by that.” She also 
expressed concern that by keeping science lessons open for discussions, she 
confuses her students more than she helps them. She acknowledged a problem in 
how she teaches science, but maintained that it is the best way for her students: 
“Science should be taught with discussions and activities, but I don’t think I can 
do that here….The best thing is to make sure they can tell the right concept in the 
[statewide high-stakes test].” 
 Daisy emphasized that she would love to teach the LiFE curriculum 
because it provides an environment for students to own their learning. However, 
she also reported that as a teacher of a low-performing school, she could not 
afford to “lose time [on] things that [will] not help them to become a high-
performing school.” She indicated pressure of the high-stakes test and her 
responsibility to ensure better performance. The FOSS curriculum is district 
mandated and is focused to guide her students to learn science for the high-stakes 
test. 
 59
 Most of the decisions Daisy makes during her science classes are based on 
her students’ need to perform better and inability to understand broader science 
concepts. She has an ongoing conflict about what she believes about science 
teaching and learning and what she has to do. She is frustrated that she cannot do 




In conclusion, the life histories of each teacher indicated that their past 
school science experiences influenced their current thinking about teaching and 
learning science. Though not all the teachers had science in school and/or college, 
they expressed willingness to provide a better science experience to their students. 
They also showed an awareness of making their science lessons hands on.  
 
Themes 
The themes that emerged from the data are based on teachers’ thinking 
and their decision-making processes based on interactions with students, students’ 
responses to teachers’ questions, and teachers’ responses to students’ questions 
during science classroom instruction. The three themes are the following: 
1. Incorporating students’ prior experiences into science teaching is 
important.  
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2. Teachers negotiate between teaching science for understanding versus 
for high-stakes tests.  
3. Science process skills are a necessary tool for science investigation.  
4. Social scaffolding affects teacher–student interaction.  
5. Creating an environment for science discourse is important.  
After a thorough analysis of the stimulated-recall interviews, field notes, 
classroom observation notes, and the audio and videotapes, five themes emerged. 
These themes answered the three research questions: 
1. What do teachers think when using students’ experiences during 
interactions with students? 
2. How do the experiences students bring to the classroom influence the 
science content that the teacher teaches? 
3. What interactions occur between teachers and students when students 
share or bring their experiences to the classrooms?  
 
Theme 1: Incorporating Students’ Prior Experiences Into Science Teaching is 
Important 
Effective science teaching and learning incorporates views, experiences, 
and the knowledge of students into everyday science teaching and learning. 
Teachers who are interested in reform-based teaching make students an integral 
part of their science teaching. Reform-based science instruction advocates 
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teaching in ways that allow students to share their science knowledge, 
experiences, and thinking in the classroom.  
Teachers in this study expressed their desire and intentions to include 
students’ experiences in their lesson plans and also in classroom discussions. 
Teachers’ actions showed that they were keen to encourage students to bring their 
science experiences, knowledge, ideas, questions, and inquiries into everyday 
science classes. The following excerpts from stimulated-recall interviews 
indicated that Jane, Michael, Vera, and Daisy want their students to bring their 
experiences, knowledge, questions, and ideas about science to science classes. 
Jane: I process their information and try to relate to what I know and what 
they know and connect them to the context as well as the content. Try to 
find something that they know and their knowledge which is very limited 
in many ways partly because of their socioeconomic area and partly 
because our kids don’t cut on TV and watch the Discovery Channel, and 
partly because many of them come from undocumented immigrants, and 
partly because they come mostly from minority, Hispanic families. 
 
Michael: I already have a fairly good idea, given the students, I have had 
enough time to look at them and interact with them and find out how have 
they traveled; have they been to the beach or mountains; have they been to 
Mexico or has my experience only been the apartment, or the farm, et 
cetera. So that they also can play into my planning. Have we gone to my 
grandparents and where the travel has taken them; what are some of the 
things that they have learned. I can’t get all the things out of them, but I 
have a fairly good idea and based on just what we are reading from 
science text and what we have done previously in science, I get a good 
idea of how to start my lesson from there.  
 
Vera: I kind of try to find out if they can give some new information about 
what they have done, heard, or seen at home or other places. Lot of them 
travel to their grandparents’ place in the South [South America] and learn 
new things. My kids are low achieving in the benchmark tests, so I can’t 
do a whole lot in having their input in my teaching.  
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Daisy: Well, I like to know what my students’ know. I know that it is 
important to share with all the students, but I just can’t do that a whole lot 
because they [students] have a hard time connecting to the experience or 
their knowledge. I use them only so often. As you have seen it just a few 
times. I definitely want to have them say in my class.  
 
The interview statements indicated the teachers’ desire to incorporate 
students’ experiences, questions, ideas, and knowledge into their science classes. 
The teachers make it clear that accepting students’ experiences in class is helpful 
to students’ science learning. However, Vera and Daisy’s perceptions of students’ 
abilities also made a difference in how much of students’ experiences, questions, 
ideas, and knowledge became a part of science teaching and learning.  
The following paragraphs individually discuss the 4 teachers’ thinking and 
their decisions to use students’ experiences in their science classroom instruction.  
Jane. Jane describes that her thinking and decisions try to involve students 
in ways that allow them to bring their home or earlier experiences into the 
classroom without penalty. She also believes that in her class students should be 
able to “think things that are real to them” so that students can understand the 
usefulness of science in their everyday lives. Science learning should not be 
isolated to the classroom environment. It should be able to take place beyond 
school boundaries. 
 In one of her lessons, Jane talked about how heat travels from one place to 
another. Students provided answers to the question, “Which material becomes hot 
first if left out in the sun?” One of the students mentioned that her grandmother 
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covers the bottom of a cooking pan before putting it on the fire. Jane used this 
idea to explain why rough surfaces absorb more heat than smooth surfaces. She 
also used this opportunity to elicit students’ examples related to heat absorption 
and reflection: 
S4 (female): The iron and steel got hot quickly… 
S4 (female): Wooden stick also heats less… 
S6 (male): Iron and steel is good for  
S1 (female): we boil things in metal pans and bowls. 
S3 (female): Sometime I’ve seen my grandma putting clay under pots 
before cooking. 
S2 (male): Why are the pots rough underneath? 
Jane: So, let’s start with [S3’s] idea. Why do you think her grandmother 
rubs clay under the pot before cooking? [7-second pause] What happens to 
the heat? And cooking? 
 
The science concept introduced in this episode is about the rate of heat 
transfer by different materials. Students talked about how their grandparents at 
home use different utensils to cook food. Jane used students’ experiences to 
discuss how heat is absorbed at different rates by different surfaces. Jane 
explained why covering the bottom of a cooking pot with clay is a good way to 
cook food with less energy. Jane used students’ examples to further the 
discussions beyond what was planned for the lesson. Jane changed the lesson plan 
because she thought it necessary to provide scientific answers to everyday 
experiences (Calderhead, 1996, Duschl & Wright; 1989; Morine-Dershimer, 
1991; Shavelson & Stern, 1981). Therefore, most of the students in her class 
participated when Jane asked them to give examples related to the heat transfer 
concepts. Some of the examples that the students gave were handles of cooking 
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pots made out of plastic, spatulas made out of wood or plastic, and oven mitts 
used to pull hot cooking pans from the oven. After this conversation Jane decided 
to do an experiment to measure the rate of heat flow through different materials, 
such as iron, steel, wood, and plastic. Jane thought that this experiment would 
provide a concrete example of how the materials used in everyday life transfer 
heat differently. Jane would not have done this activity if students had not brought 
their experiences in the class. Jane described her thinking during this episode as 
follows: 
If we teach them about rain I want them to make connection to snow or 
hail, and I want them to have that ability. We teach them as precipitation 
but we call it rain and we leave it there. They are confused between rain 
and precipitation. We have to make them naturally think about what-ifs 
and whys and making connection between many things. I was very 
interested to elaborate on what they shared about heat in the class. Also, it 
was a good opportunity for me to explain how heat is absorbed and 
reflected by surfaces. I was thinking, this is great I can now include them 
in this discussion and make connection. There’re very few moments that 
things come so easily.  
 
Michael. Like Jane, Michael was also very eager to use students’ 
experiences and knowledge in his science lessons. The following excerpt is from 
Michael’s science class on measurement. The discussion was about using 
different types of measurements. One of the students mentioned that she had 
encountered her parents using a different measurement system from the metric:  
Michael: Can you measure milk, and oil, and syrup using cups? 
S1 (female): We do at home. The recipes are in cups and teaspoons. 
S2 (female): Yes. So many cups of flower or milk. 
Michael: Can we use milliliters if we don’t have cups? 
S3 (male): No. Because cup is different from milliliters. 
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S4 (male): Both measure liquid. My mom uses cups to measure flower, 
oil.  
S5 (male): What about pinch? Like a pinch of salt.  
S6 (male): Cup and milliliters is same and use both. Tablespoon is equal to 
milliliters. 15 milliliters is one tablespoon.  
Michael: OK. So, cup and pinch are different ways of measuring, and they 
are all acceptable, but in science we use the metric system only. 
 
Michael helped students to understand that they could use different 
measuring systems, all of which could be converted into the metric system. He 
also pointed out that the metric system is the universal system of measurement 
and the norm in science. Michael guided his students to show how the scientists 
do science, while recognizing his students’ experiences. During this lesson, 
Michael was prompted to discuss how measuring systems can look different but 
do the same job of measuring. He further asked his students to give more 
examples of ways of measuring things that they had seen or used. A student 
mentioned how people sometimes describe amounts of ingredients in recipes in 
“scoops” and “pinches.” Michael then decided to use this student’s example to 
talk about unit conversion. During this and similar instances, Michael decided to 
stray from his usual lesson plan in order to addresses students’ experiences 
(Berlak & Berlak, 1981; Duschl & Wright, 1989; Grossman, 1990; Lampert & 
Clark, 1990; Munby et al., 2001) and also to help students to learn science and be 
enthusiastic about it.  
Michael believes that students, especially those who come from minority 
ethnic groups, need opportunities to share their knowledge. This kind of sharing 
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in the classroom not only helps the students to learn, but also makes the classroom 
environment more social. Michael’s idea behind this discussion is driven by his 
desire to bring students’ experiences into the learning process:  
I’m more interested in knowing what others know. When you have kids 
who hardly have access to many things like cable, newspapers, journals, 
and educated parents, they don’t tend to participate in the class for fear of 
getting the answer wrong. You know, so in this case I was thinking about 
how I can make these kids a part of classroom. In measurement you have 
many kinds of ways. We think feet and yards, others think meters and 
maybe others have something else. I found out some months ago that there 
are many countries where people use sticks or hands as measurements. 
Like pinch can be a measurement. I’m constantly thinking and deciding 
about these things. 
 
Michael’s decision to introduce a new concept with students’ experiences 
was one way to provide legitimacy to what students bring into science classes 
(Barton & Yang, 2000; Fusco, 2001). Also, student experiences provide new 
opportunities to teachers to introduce new scientific ideas or explanations. The 
teacher in this case is very successful in utilizing new information to discuss a 
new science concept. On many occasions, Michael’s decisions about using 
students’ experiences are based on judgment calls because he believes that his 
experiences in the classrooms have “equipped me to sense the time for new 
decisions.” Michael reported sometimes thinking about a student’s input and 
deciding not to use that input in his science teaching because the input would not 
help progress the science lesson. 
 Jane and Michael use students’ experiences during teaching because they 
believe that if students bring their experiences into science lessons, they can 
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understand the science behind those concepts. In many of their science lessons 
Jane and Michael showed that students’ academic ability should not prevent 
teachers’ including students’ experiences as a part of their lesson plan and 
teaching. Jane and Michael believe that students who can bring their experiences 
into the classroom have the ability to understand the relationship between their 
experiences and the science behind those experiences. The following frequency 
tables show the level of students’ experiences used during Jane (Table 1) and 
Michael’s (Table 2) science lessons. 
 
Table 1 






Students’ sharing experiences in 
whole class 
13 14 
Teachers’ use of students’ 










Students sharing experiences in 
whole class 
11 12 
Teachers use of students’ 




The frequency Tables 1 and 2 clearly indicate that Jane and Michael often 
use students’ experiences in their science classes. Both of them are constantly 
thinking about how they can use students’ experiences in their science lessons. In 
10 out of 15 observed science lessons, Jane and Michael used the QuEST cycle 
and some of the activities from the LiFE curriculum. They also used the 
discussion samples from the LiFE curriculum to help students bring their lived 
experiences into classroom discussions. Jane and Michael made decisions to use 
those experiences in a constructive way. Jane and Michael also believe that they 
re getting positive results from the students because of increased student 
participation in the class, better scores in high-stakes tests, and a positive attitude 
towards learning science.  
Vera. Making students’ experiences, ideas, and knowledge a part of the 
teacher’s instruction is an important skill. However, Vera’s science class 
presented very few opportunities for students’ experiences to be a part of her 
instruction. On the rare instances that Vera decided to use students’ experiences, 
she was very successful. The observations of Vera’s classes, field notes, and 
stimulated-recall interviews showed that she does not use students’ experiences 
often in her science lessons because she believes that her students are not able to 
make connections between shared experiences and the science behind them. She 
also thinks that her students have not achieved better grades in the high-stakes 
tests because they do not understand the basic science concepts. She also believes 
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that using students’ experiences during science teaching will not help her students 
to score better grades in the high-stakes tests. In the following episode, her 
students talked about nutrients and diet. They discussed the role of food scientists 
and the importance of knowing what food contains. One student brought up the 
issue of “fat-free” food and “diet.” Vera was not quite sure how to deal with that 
situation. She talked about the role of food scientists and how food labels are 
created. In this interaction, Vera wanted to use this knowledge to “buy food and 
make decisions” about healthy food choices. However, she did not talk about fat-
free or dietary food.   
S1 (male): You can see on the label. What nutrients food has? 
Vera: Yes. How do they write those labels? 
S2 (male): Food scientists analyze the food and find what food has inside 
it. 
Vera: Scientists analyze the food for different nutrient values and that’s 
what is written. In this soda can what things do you see? 
S3 (male): Sugar is zero…. 
S4 (female): It’s Diet Coke. 
S3 (male): Why diet? 
S4 (female): I don’t know. 
S1 (male): My aunt is on a diet and she drinks Diet Coke, Diet Pepsi. 
Vera: What kind of nutrient do tortillas, rice, flour have? Now you’re food 
scientists. What does diet mean and why do people go on diets? 
S3 (male): Minerals? 
Vera: No. Let’s look at this flour label. Now look at these labels and tell 
me what kind of nutrients does flour have. 
 
Vera did not use the student’s input in her lesson on Food and the Human 
Body. She was more interested in having her students know the skills necessary to 
read food labels and identify the nutrient contents in the food. Vera acknowledged 
that she never expected the diet issue would come into the discussion. However, 
 70
she reported being happy to know that her students were willing to participate in 
class: 
This was something that I wasn’t prepared for but I was happy. The 
students initiated the discussion and talked about their real life 
experiences. In my next planning I can use this as a part of my lesson. My 
thinking was to complete the class with how to read the label than talk 
about the diet issues. I decided to let the discussion go because it was 
important for them to know how to read the label. 
 
Vera showed contradiction between what she believes and thinks about 
using students’ experiences in her classroom and what she actually does. During 
the regular classroom interactions, she did not include student’s experiences as a 
part of her science teaching. She also did not acknowledge the student’s input 
while teaching Food and Human Body. Vera’s interest seemed to be in 
accomplishing the task at hand rather than using student’s experiences in 
teaching. Later, during the stimulated-recall interview, she explained that she 
likes to have her students share their knowledge and experiences in the class. 
Vera’s thinking at that time seemed to show that completing the lesson as planned 
was more important than using students’ input in teaching. However, she pointed 
out that her new lesson would include some amount of time to discuss students’ 
experiences related to the content that she is teaching. Therefore, she may change 
her lesson plans to accommodate her students’ input during teaching. In the 8th, 
9th, and 11th observed lessons, Vera used some of her students’ experiences during 
her teaching. The frequency of students’ experiences used in Vera’s classes 
increased quite a bit during those lessons compared to earlier lessons. Table 3 
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below shows the comparison between the number of times Vera used students’ 
experiences in the second and the ninth lessons. 
 
Table 3 






Students’ sharing experiences in 
whole class 
8 12 
Teachers use of students’ 
experiences in teaching 
1 7 
 
Vera utilized students’ experiences more in her later lessons than in her 
earlier lessons. During her stimulated-recall interview, she mentioned that her 
later lessons were much easier to integrate with the LiFE curriculum because 
many of the lessons in the FOSS curriculum match with the concepts in the LiFE 
curriculum. Vera’s decision to use students’ experiences more in the later classes 
can be attributed to three factors: (a) The LiFE curriculum works as a good 
resource material to help her think beyond the regular FOSS curriculum, (b) she 
believes that using students’ experiences will help students to remember examples 
from real-life situations that are related to science, and (c) she believes that using 
students’ experiences will result in improvement in the high-stakes tests. 
Vera made her students’ experiences a part of teaching science through 
hard work. Vera’s thinking during these lessons reflected her commitment to 
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improving her science teaching skills. She decided to change her teaching after 
missing an opportunity to expand students’ understanding of science concepts by 
not using her students’ experiences as a part of teaching science.   
Daisy. In Daisy’s classes, students’ experiences, ideas, knowledge, and 
input were hardly a part of classroom discussions. During classroom interactions, 
students’ experiences and knowledge played a part in Daisy’s instruction only on 
a few occasions. The following episode is a typical example of Daisy’s science 
class. A student talked about how salt is made. She brought in her own experience 
with evaporation: A smaller surface area allows less evaporation, so containers 
with small necks keep the contents warm longer. Daisy talked about the definition 
of evaporation had the students write it down rather than discuss the role of 
surface area and the rate of evaporation.   
Daisy: What is that called? When water disappears from any solution. 
S1 (female): When you keep hot coffee or milk in mug with a small mouth 
it takes longer to become cold.  
S2 (male): So, large mouth will get cold soon.  
Daisy: I want all of you to write down evaporate. We want to do 
evaporation. What is evaporation? 
 
Daisy wanted to guide students’ discussion towards completing the task 
she had planned. In this case, the task of completing the lesson regarding 
evaporation was more important than incorporating her students’ experiences in 
concept building. The students brought up a new concept: rate of evaporation and 
surface area, which was not the part of the lesson plan for that day. All 15 
observed lessons showed that Daisy was not enthusiastic about using students’ 
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experiences in teaching. Daisy believes that students need to know the science 
concepts first. She also believes that students’ experiences are not that helpful in 
developing science concepts. She believes that many of her students do not 
understand the importance of using their experiences in science learning. Unlike 
Jane, Michael, and eventually Vera, Daisy was reluctant to use students’ 
experiences in her teaching. Daisy does not believe that her students will gain 
anything from this process. Daisy explained her thinking about her decision 
against using students’ experiences during a science lesson: 
The knowledge was good, but my thinking was that it will confuse them. I 
didn’t think that knowing about salt and how fast water cools was that 
important. My decision was based on what they need to know about 
solution in science. Also, most of the kids are low performing so, it’s not 
that I don’t like it, but I want to cover the IPG s [basic skills] as soon as 
possible. These students need facts, you know, because they have to know 
that first before they can understand other things. Also most of their 
experiences are faulty and need changing. 
 
Daisy is focused on ensuring that her students score higher grades on high-
stakes tests. She also believes that the accountability system is more about the 
teachers’ performance than the students’ performance. Therefore, she reported 
pressure to have her students memorize science content that is covered by high-
stakes tests. Daisy mentioned a lot of administrative pressure to complete the 
science lessons and negative consequences for not completing the IPG s on time. 
All these factors restrain her from using students’ experiences in her class. The 
following frequency table (Table 4) shows how often Daisy used students’ 











experiences in whole class 
5 9 
Teachers use of students’ 
experiences in teaching 
1 3 
 
Table 4 shows that Daisy consistently did not use students’ experiences in 
her science lessons. The occasions when she decided to use students’ experiences 
in her science lessons were the times when experiences clearly matched the 
science concepts that she was teaching. Daisy’s priority was to teach to the 
curriculum that prepares students for the high-stakes tests. 
 Summary. Teachers who participated in this study can be categorized into 
two camps. In one camp are Jane and Michael, who believe that incorporating 
students’ experiences in science teaching helps teachers to teach science in an 
effective way. In the other camp are Vera and Daisy, who believe incorporating 
students’ experiences while teaching hinders science learning.  
Jane and Michael also believe that if students are intelligent enough to 
bring their experiences and knowledge into science discussions, they are 
intelligent enough to understand the appropriate level of science that explains 
those experiences and knowledge. Often Jane and Michael make decisions about 
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the science concepts they need to teach in their classes based on what students 
bring into science class (Fusco, 2001; Oakes, 1985).   
Vera does not strongly believe that students’ experiences add to science 
learning, because many students have wrong science concepts. Sometimes Vera 
uses students’ experiences as examples of science concepts, if the experiences 
match the science concept that she is teaching.  
Daisy is a teacher who does not think that students’ experiences and 
knowledge can be made a part of science learning, because those concepts are 
mostly based on faulty information. Her decisions are mostly governed by the 
school or district-mandated goals that are driven by high-stakes test results. Daisy 
thinks that as a teacher her goal is to progress the lesson goals so that she does not 
have to hurry to “catch up” at the end of the year. Her decisions on the usefulness 
of students’ experiences and knowledge are based on completing the task and 
finishing the curriculum rather than utilizing student inputs for science learning 
(Atwater, 1996; Barton, 1998a, 1998b; Rodriguez, 1998).  
 
Theme 2: Teachers Negotiate Between Teaching Science for Understanding 
Versus for High-Stakes Tests 
Many teachers use students’ experiences as a part of their regular science 
class. When students bring their experiences into science classes, teachers have to 
make conceptual decisions. In this study conceptual decisions are defined as 
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decisions that teachers make during classroom interactions (a) when students 
bring in new ideas or questions that necessitate explanations or introduction of 
new science concepts, and (b) when teachers think or believe that they need to 
introduce new science concepts to explain the science concept under discussion. 
Both of these situations demand immediate decisions from teachers so that the 
students clearly understand science concepts. These decisions are also important 
because during reform-based teaching, students bring many experiences, ideas, 
questions, and knowledge from beyond the classroom; teachers have to include 
these experiences in ways that help students understand, participate, and 
experience science (Barton & Yang, 2000; Oakes, 1985, 1990, 2000). In the case 
of 2 elementary school teachers, Jane and Michael make their conceptual 
decisions to provide broad explanations and also to allow students to observe that 
their questions, ideas, experiences, and knowledge are an integral part of science 
learning. Vera and Daisy hardly make any conceptual decisions beyond the 
regular content that they have to teach.  
Jane. In Jane’s classroom, she wants her students to learn as many 
concepts or ways to understand science concepts as possible. Whenever she thinks 
that students should know a science concept that is relevant to her curricular 
goals, she teaches it to her students. During the third observed science lesson, 
students were learning to measure and understand systems of measurements. Jane 
introduced a new concept of estimation in the middle of her lesson. She also 
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introduced the concept of unit and how it is related to the basic repetition of a unit 
measurement. Jane decided to introduce the new concepts of estimation and unit 
to the students during her lesson, because according to her this “concept sounds 
easy, but it’s difficult for fourth graders to understand, and I decided to talk about 
them since one of the students brought it up in the class.” A student mentioned 
that at times he sees people making guesses about (a) how much food to buy for a 
party, (b) results of an experiment, and (c) budgeting. Jane did not use this 
students’ input right away, but later in the lesson she cited the examples. Jane’s 
class began with the measurement of objects of various lengths using a meter 
ruler, a foot ruler, and a measuring tape. Jane discussed the role of estimation 
while doing hands-on activities. Once students understand how to estimate 
properly, they can predict results of their experiments more accurately. Jane 
believes that estimation is one of the skills that her students need to succeed in 
science. Jane explained her decision as follows: 
My decision to put in the guessing or estimation concept was based on my 
thinking and belief that there are times when they can’t use any instrument 
to measure. Also, in many science experiments scientists guess the results 
before they start the experiments as their hypothesis. This allows scientists 
to figure out if the results are OK. I want my students to have that ability 
and able to guess and predict their results. You know predictions are 
important because they are hypotheses of sorts. It also helps students to 
think. 
 
On the other hand, Jane taught conceptualizing measurement in a very 
unconventional way. She decided that students could improvise measuring 
instruments that fit their needs. She wanted to give students a way to estimate 
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lengths that help them in situations such as tests and problem solving. This 
episode depicts how Jane helps students with the concept of improvisation and 
allows them to believe that being creative is a way to build better concepts. In this 
case she wanted students to find a way to measure length using their body parts 
(digits). 
Jane: What do you think about the size of your fingers? 
S5 (female): Using the length of your fingers. 
S3 (male): But they are not equal. 
Jane: That’s a good point… 
S2 (female): We can use just one finger (showing the index finger). 
Jane: OK. We can use one finger only. But how do you measure small 
objects like the weight with finger? 
S3 (male): Divide the finger into parts (showing the digits). 
Jane: Good. So, how long is this diary? Use your digit. 
S2 (female): Is it same as estimation?  
Students: 3 digits. 
Jane: Let’s find out the length of a digit. 
(Everybody is measuring the length of the digit using a meter ruler. Some 
are measuring the length of index finger digit, some third finger, and some 
the pinky.) 
Jane: OK. Stop everybody. Measure the size of the pinky across? 
S1 (male): One centimeter. 
S2 (female): One centimeter. 
Jane: No. Not the length of the index. Just across. (She shows S3 how to 
measure the length.) 
S3 (male): One centimeter. 
S4 (male): One centimeter. 
S5 (female): One centimeter. 
Jane: Good. So, the pinky is one centimeter. Even if you don’t have an 
official tool to measure, you have a tool on your body. 
 
Jane gave students a way to figure out or estimate lengths without having 
to use any instrument. Later in the discussion she pointed out that her students can 
use the digits to answer questions in the high-stakes tests without having to use 
 79
the ruler. She also pointed out that they can save time and be fairly “confident” in 
their answering ability. She believes that this enhances students’ ability to think, 
improvise, and create things. During the stimulated-recall interview, Jane 
described her decision to teach her students the method of guessing. 
I decided to introduce this way of measurement because lot of times 
students forget what they have learned. Using finger as a tool allows them 
to remember the concept of measuring and estimation without 
compromising understanding. One other reason was that I want them to 
get the answer in the [statewide high-stakes test]. 
 
Michael. Michael believes that teachers have to decide what to teach and 
what not to teach. During his planning as well as teaching, Michael decides on the 
important concepts that students have to learn to progress in science. As a science 
teacher he constantly decides on the depth as well as the breadth of the concepts 
in his science classes. Like Jane, he is constantly trying to broaden the science 
concepts his students understand. During the sixth observed lesson, Michael tried 
to introduce the concept of optimal environment for plants. Initially he talked 
about the necessary conditions for survival. Soon, however, he made the decision 
to allow a slightly different concept to come up during the discussion. He started 
with the broad concept of the environment as a whole. He later introduced the 
concept of the environment for a specific animal, the beetle, because one of the 
students asked him the difference between animals that live in the ground and 
those that do not. During this discussion, he also brought up two other concepts, 
breathing and mixture. Though he did not explain these concepts in much detail, 
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he made them a part of the discussion to understand the concept of environment. 
Michael used his students’ experiences while discussing the environment.  
Michael’s use of students’ contribution allows them to make relations 
between different concepts as a part of the same concept. For instance, Michael 
was teaching his students that air is a mixture of various gases, and when the body 
takes in air it only uses oxygen. Students asked Michael why they should not say 
“air” when talking about breathing. Michael explained to them that animals do not 
use air while breathing—just the oxygen gas that is present in the air. Michael 
explained that breathing produces energy when oxygen mixes with food. Later he 
connected this discussion to explain how beetles survive in the wet soil but not in 
the dry or soggy soil, which has very little air flow. Michael believes that 
connecting different concepts to understand one science concept such as 
environment improves students’ critical thinking and problem-solving skills 
(Michaels, 1981). Michael’s decisions during science lessons are based on two 
factors: (a) The experiments in science do not always give the results that are 
expected, therefore students sometimes must rethink their hypothesis or 
explanations; and (b) science involves a connection among many concepts, and 
teachers need to address these connections in class to provide full conceptual 
understanding.  
I decided to not just let them say “air.” I wanted them to understand that 
animals need oxygen. That was the decision I made as I was discussing 
with them about the beetle’s environment. I constantly change my 
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thinking and the lesson plan because I sometimes feel that more specific 
concepts have to be introduced to better develop their science concept.  
 
Jane and Michael’s lessons develop and progress with a lot of student 
input. Both of these teachers use students’ experiences as a part of their 
curriculum. These 2 teachers allow their curriculum to be inclusive of students’ 
input and therefore more constructivist in nature (Hillocks, 1998; Kosunen, 1994). 
During stimulated-recall interviews, Jane and Michael mentioned that their lesson 
plans change quite a bit because students are continuously allowed to be a part of 
science teaching. Therefore, Jane and Michael’s curriculum is a constructivist 
curriculum. 
Vera. Vera’s science classes are distinctly different from Jane and 
Michael’s classes. In Vera’s classes, the conceptual decisions are made as soon as 
the students show a slight confusion in their understanding of science concepts. 
She introduces no new concepts while teaching her planned content. Out of 15 
observed lessons, Vera used students’ experiences to teach new science concepts 
in only 2 lessons. Her 12th observed lesson was on photosynthesis and why plants 
need light to grow. Her lesson plan related light to photosynthesis. During this 
lesson, students brought in their experiences about how bean sprouts and covered 
plants become yellow in the dark. Some students asked about the need to keep 
indoor plants next to a window. One of the students mentioned that she saw 
leaves facing towards the window in indoor plants.   
S6 (female): If we grow the plants in the dark it will grow more. 
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S4 (male): I think so. The bean sprouts grow in the dark. 
Vera: The plant in the dark grows but does it grow better than in light?  
S2 (male): Yes. Plants in the house grow well in dark. 
Vera: Why do we put plants in the light then? 
S1 (female): Leaves of plants inside the house are [facing] windows. 
Vera: It needs light to grow. It needs light. Water and light help it to make 
food and it is called photosynthesis. There is one more thing that the plant 
needs to make food. 
Students: Water, light, air. 
Vera: What exactly in air? 
(8-second pause) 
Students: Oxygen, carbon dioxide, hydrogen… 
Vera: Which one of these three? (5-second pause) The plant uses carbon 
dioxide, sunlight, and minerals to make food, and the process of making 
food is called photosynthesis. Also in this process sugar is produced as 
food and oxygen is a waste. 
 
Vera wanted her students to learn that plants need light to grow well and 
flower. She started her class by discussing the concept of plant growth in a dark 
environment versus a lighted environment. To fully explain this concept, she 
decided also to teach photosynthesis. She taught photosynthesis as soon as it 
appeared as one of the concepts that needed to be addressed from the curriculum. 
In this short discussion, she made two conceptual decisions, which came together 
when students showed some confusion in understanding the concept.  
I’m always thinking about what I have to conceptually cover in the class. 
Lot of times when I find the students going off the track, I want them to 
understand the original concept first and then move on. When they said air 
I immediately thought, well, I needed to talk about photosynthesis. I make 
these new conceptual decisions because it can create confusion or 
misunderstanding later and do badly in the test….I’m not sure how many 
times I make conceptual decisions. Generally very few or hardly any in a 




Vera’s rationale for making immediate decisions about new concepts or 
ideas during teaching is definitely based on students’ understanding ability and 
clarity of the overall science concept that she is teaching. Vera is more concerned 
about having her students get the content correct than talking about their 
experiences and making those experiences a part of teaching new concepts. She 
expressed skepticism about the usefulness of students’ experiences in the content 
that she teaches. The most important factor in her conceptual decisions is passing 
the benchmark and high-stakes test. Vera’s thinking is that she must prepare her 
students to do well in the high-stakes test.  
Daisy. When making conceptual decisions in science classes, Daisy and 
Vera are much alike. Daisy is also more concerned about her students’ science 
abilities. She is also aware that her students have to score better in the high-stakes 
test. She rarely makes multiple conceptual decisions while teaching a particular 
science concept. In her fifth observed lesson, Daisy asked students, “What is the 
optimal environment for beetles to grow?” The students conducted an experiment 
about where a beetle lives. Daisy kept the students focused on the task without 
introducing any new concepts. In all of her 15 lessons she hardly allowed students 
to talk about their experiences. Daisy was more concerned about completing the 
content that she planned than promoting new concepts. During the lessons, Daisy 
did not let her students deviate from the task at hand, and she ensured that they 
write down everything that she put on the board.  
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Daisy: Today we will talk about environment. I want you to write down 
“what is environment.” (Students start to write in their notebooks. 13-
second pause) So, what is environment? 
Students: Where we live. 
Daisy: OK. So, where we live. What are the things that make an 
environment? You have to write that. 
S3: House, food. 
Daisy: OK. We will find that out. Here are some beetles, and we will 
make environment for them to live. We want to know which one is better. 
We will make three environments for the beetle and see where it lives. 
(Students are given the materials to create dry, wet, and soggy 
environments for the beetle and observe where the beetle ends up staying 
after about one half hour.) 
 
Daisy directed the class to remember the concept at hand and hardly let 
the class deviate from that task. Daisy’s decisions are based on her thinking that 
students need correct answers to understand science concepts. She also believes 
that her students need to know the answers so that they can do well on high-stakes 
tests.  
My thinking is that I have to let them know the real scientific concepts, 
facts, and ideas as soon as they come up because, you know, these 
students have to get good score [on the high-stakes test]. Also, my 
decisions are based on the students that I teach and that if I don’t tell them 
the right thing right away they tend to mix everything and get more 
confused. More discussions can easily confuse the kids. I want them to 
have stepwise clear concept. 
 
Daisy’s decisions reflect her thinking about teaching science concepts on 
two levels. First she believes that as a teacher she has to make sure that the right 
concepts are introduced from the beginning of the lesson. Any delay in 
introducing the right concepts can foster an even greater misconception by 
allowing students to recreate a new understanding while still keeping the old 
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misconceptions. Second, she wants to make sure that students understand the 
scientific concept that she is teaching. In the environment lesson described earlier, 
she wanted the students to understand that the environment has to support the 
growth of living things and also sustain the population. The reasons for her 
decisions in that lesson revolved around her belief that (a) her students possess a 
low ability to understand science concepts, and (b) her students need to perform 
well on high-stakes tests.  
Comparisons. In most instances Vera and Daisy’s curriculum hardly 
include any student input. Vera and Daisy do not believe that student input is 
warranted in the curriculum because they believe that including students’ 
experiences deviates science lessons from the goals that they have set. However, 
this lack of student input in the curriculum is contrary to the philosophy of the 
reform-based curriculum (AAAS, 1990; Hillocks, 1998; NRC, 1996). The 
following frequency table, Table 5, shows how often Jane, Michael, Vera, and 
Daisy used students’ experiences during science lessons. The table is a summary 





Frequency of Teachers’ Conceptual Decisions Made Based on Instances of 
Students’ Sharing Experiences 
Teachers Conceptual decisions made Experiences shared 
Jane 8 12 
Michael 7 11 
Vera 2 6 
Daisy 1 6 
 
Table 5 shows that Jane and Michael used and elicited more student 
experiences while teaching science concepts. Jane and Michael had a greater 
number of instances when students shared their experiences because students’ 
voices were heard and utilized to teach science (Artiles, 1996; Bandura, 1986; 
Corno, 1989; Delpit, 1995; Ladson-Billings, 1995). Many students in Jane and 
Michael’s classes also mentioned to the researcher that they like to share their 
ideas, experiences, and knowledge in class because it makes them feel included. 
In most lessons Jane and Michael were observed talking about students’ 
experiences and using them as examples of different science concepts. Jane and 
Michael also mentioned in the interview that the LiFE curriculum reinforces their 
philosophy and beliefs about using students’ experiences in science teaching and 
learning. By using examples from the LiFE curriculum, teachers can watch their 
students’ progress as they develop critical thinking and problem-solving skills.  
Table 5 shows fewer instances of students’ sharing their experiences in 
Vera and Daisy’s classes compared to Jane and Michael’s classes. Students in 
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these two classes bring in their experiences, but those experiences are rarely used 
during teaching. Vera and Daisy use students’ experiences very rarely because 
they perceive their students to have a low ability of understanding science 
concepts (Vera and Daisy define the low ability of their students in terms of their 
performance on high-stakes tests). Another reason for not using students’ 
experiences is that Vera and Daisy are constantly watched. During a period of just 
7 months, the school administrators paid about 15 visits to their science lessons. 
The school administrators check to see that the teachers are completing the 
district-mandated curriculum and preparing students for high-stakes tests.  
Teachers involved in this study use varied levels of students’ experiences 
to make conceptual decisions while teaching science. This study shows that the 
decisions to use students’ experiences depend on the following three factors: (a) 
the ability of the students, (b) high-stakes testing, and (c) teacher beliefs and 
thinking.  
1. The ability of the students: Teachers who have higher ability students 
tend to make more conceptual decisions during teaching. The classes of these 
teachers have more student participation and questions. Often the teachers take 
the initiative to introduce new concepts relevant to the concept that the teachers 
planned.  
 On the other hand, teachers who have lower ability students do not 
introduce new concepts during their science teaching unless it is absolutely 
 88
necessary. These teachers believe that using students’ experiences can lead to 
misunderstanding of science concepts under discussion. These teachers tend to 
make fewer conceptual decisions than those who have higher ability students.  
2. Testing: One of the factors that keep teachers from introducing new 
concepts is the fear of digressing from the science concepts that help students 
answer test questions correctly. These teachers are more concerned about keeping 
one scientific concept on track so that students can grasp and be able to use it 
during the high-stakes test (Borko et al., 1990; Brophy & Good, 1986). 
Nonetheless, even the teachers of high-performing students are aware that they 
must teach to the test (McNeil, 2000).  
3. Teachers’ beliefs and thinking: Teachers constantly think about what 
they are doing in class and the decisions they should make to let the class flow. 
Their decisions encompass their beliefs of what they should teach and what they 
should not and their beliefs about science learning, testing, and their own role as a 
teacher. Teachers who believe that it is essential to make numerous conceptual 
decisions to broaden students’ science understanding are also the ones that believe 
in introducing new science concepts within a lesson despite test anxiety. 
 
Theme 3: Science Process Skills are a Necessary Tool for Science Investigation 
Another area of a teacher’s decision-making process relates to teaching 
science process skills. For all 4 elementary school teachers who participated in 
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this study, science process skills included observations, measurements, 
questioning, hypothesizing, and writing conclusions. Jane, Michael, Vera and 
Daisy all expressed that students need to understand, master, and be able to apply 
science process skills in the right situation in the correct way. They also expressed 
that their plan and decisions in science class must focus on helping students 
understand science process skills and their importance while learning science 
through hands-on activities.  
 Jane. During her fifth observed lesson, Jane decided to use the QuEST 
cycle before starting the hands-on activity. During this lesson she also introduced 
science process skills in detail to her students. She asked the students to repeat the 
science process skills verbally and then write them in their notebooks. Jane also 
told her students that they have to understand science process skills before they 
can do the activities and understand the results that they get from the activities. 
Jane began with the skills of question formation as a major part of doing and 
learning science. She then pushed students to think about the different aspects of 
science process skills. Jane described her thinking and decisions about teaching 
science process skills as follows: 
They need to know that in science you start at the question and from there 
you go around and your question is answered. But along the way what 
would happen if you change certain things in your questions? Science 
process skills are the key to getting good results in an experiment. They 
have to know science process skills for [the high-stakes test] because there 
are many questions on that.  
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During the stimulated-recall interview Jane mentioned what her students 
need to know about doing science. Jane believes that science process skills are 
necessary if her students want to do science investigation. She knows that 
students have to know the skills to measure accurately, to observe correctly, to 
calculate results correctly, and to write conclusions methodically in order to 
achieve better grades in high-stakes tests. Jane mentioned during the interview 
that a large portion of the science curriculum for the fourth grade is about science 
process skills, and that students have to know them “by heart” to score better 
grades in the tests. She is aware that science process skills are important to 
understanding science and passing the high-stakes tests. She also emphasizes that 
science “can be understood better with more understanding of science process 
skills.” 
During three different occasions Jane used the QuEST cycle from the 
LiFE curriculum to do science activities. Her ambition was to go beyond science 
process skills. She used the QuEST cycle while teaching arm movement. Jane 
asked students to make the most reliable and energy efficient joint that a human 
being could have. The activity started with questions and a hypothesis. Students 
worked in groups of three. The group that the researcher observed talked about 
how human hands work and soon began to talk about other animal limbs. Students 
constructed four questions: (a) What kind of joint will be strongest? (b) What kind 
of joint can lift the most weight? (c) What kind of joint can last the longest? And 
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(d) What kind of joint will get tired the fastest? The group assembled all the 
materials and made limbs with different kinds of joints, such as fully rotating or 
partially rotating. They used the final limb that they made to test for weight and 
durability. This group’s limb did not work as hypothesized. The teacher asked 
them several questions related to the failure of the limb. The group then started 
asking new questions and started the activity again. During this whole process, 
Jane helped her students with guiding questions. Jane did not mention science 
process skills to the students at all during this activity, which is contrary to her 
earlier assertion about explicitly teaching science process skills. In her stimulated-
recall interview, Jane recounted this activity as being totally different from what 
she had initially thought of and planned. She decided to change her plan because 
she thinks that just knowing science process skills is not enough to do “better” 
science. To Jane “better” science is about doing science activities like scientists 
do and understanding science as a tool to understand life experiences and use 
them in real-life situations. 
Michael. Similarly, Michael also stressed the importance of science 
process skills in his classes. Michael’s decisions were based on his thinking that 
students in the fifth grade should master science process skills. His major goal in 
this regard was to get the process skills right. The conversation began with this 
question: What is the best environment for brine shrimp to survive? Students 
provided various solutions to the question. Students’ answers contained necessary 
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things such as water and food but not the specifics about how these things 
influence brine shrimp to survive. Michael stressed that science experiments have 
a control group that determines the causality and gives a reliable answer. At the 
same time, Michael also emphasized that his students can learn science process 
skills such as observing, measuring, and making conclusions during the brine 
shrimp experiment.  
Michael: So, we have to find out what is the best environment for brine 
shrimp. How do we do that?  
S3 (male): Dirt, muddy water. 
S6 (female): Stream water… 
Michael: So, where does a brine shrimp live? First you must know that. 
S2 (female): In water. 
Michael: What are we doing? An experiment. So, we need a good science 
method to really find out where brine shrimp can live well. It’s like, can 
we live in any environment? Obviously not. So, what do we do in an 
experiment? 
Students: Get a control group. 
Michael: Good. So what is the control environment if brine shrimp live in 
salt water? 
 
Michael’s goals in doing science experiments are to get the process skills 
right. He believes that once students get the process skills right, they can continue 
to do so despite the nature of the experiment. Michael’s classes showed that he is 
very particular about his students’ mastering the process skills. He wants all his 
students to clearly understand that without a good understanding of science 
process skills, they cannot understand the results of an experiment. During a 
stimulated-recall interview, Michael explained his decisions regarding teaching 
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science process skills and his thinking behind putting so much emphasis on 
mastering the processes:  
In this case, when I was doing the brine shrimp class, you know, I wanted 
them to remember that there is a process in science you need to do. 
Science experiments are very methodical, and I want them to understand 
that. Also, in science, I want them to see that you need a control group to 
find out the cause. Also I think about how to clarify that science processes 
have to be replicable, and new questions have to be answered.  
 
Michael clarified his thinking about following science procedures by 
stating that science experiments are replicable despite slight differences in the 
procedures. His belief is that procedures to answer science questions need not be 
exactly the same among groups who try to answer the question. However, the key 
is that in science, according to Michael, if questions can be answered using 
various procedures, then there is legitimacy in variation and the results are more 
believable. His decisions during this episode were geared towards carrying out an 
experiment with a “correct scientific method.” Michael’s thinking and decisions 
on teaching science process skills is also based on the demands posed by high-
stakes tests. 
Vera. Vera was interested in having her students repeat the experiment and 
describe how they did it. The emphasis was on using the right science process 
skills, as described in the IPGs (goals of the district for each lesson), with 
marginal student input. The students were required to write their procedures on 
paper, then discuss them. During Vera’s 13th observed lesson, she introduced an 
investigation to find out if plants store any energy. Vera asked students to identify 
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the science process skills needed to do the activity. Students tried to answer the 
question with what they knew about doing an experiment. Students mentioned 
things like hypothesis building and measuring, followed by some other questions. 
Vera did not use students’ input. She told them what science process skills they 
needed to know to get the experiment “right”:  
Vera: Where do we get energy from? 
S1 (female): Food. 
Vera: How do we know that food has energy? 
S2 (female): Because we need energy. We eat food for energy. 
Vera: But how do we find out food has energy? 
S2 (female): We experiment. 
Vera: What do we do in the experiment? 
S4 (male): Take measurement. 
S3 (male): Write hypothesis. 
Vera: Yes. But we have to write it in order. We can’t write all over, like 
measuring first and then writing hypothesis. We get question first and then 
hypothesis and do the experiment and measure, observe and write 
conclusion the last.  
 
Vera decided to teach science process skills using more teacher input than 
student discussions. Though students offered some input on what they needed to 
do to answer the question on energy, Vera gave them each correct step for the 
activity. Giving correct procedural steps is a way to ensure that her students know 
the science process skills involved in the activity. Knowing science processes 
skills is important for achieving better cores in high-stakes tests. Vera wants her 
students to pass the high-stakes test because a large portion of the test is based on 
science process skills. In an environment where teachers’ performance is 
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measured by students’ score on high-stakes tests, teachers spend more time 
teaching the contents that have the greatest weight on those tests.  
Daisy. In Daisy’s science classes, instructions regarding science process 
skills were very direct. Students hardly provided any input. Most classes were full 
of demonstrations with few hands-on activities. Most of the time, students were 
either told or shown how to do the experiment with stepwise instruction, thus 
reducing student errors in procedures, measurements, or observations. During a 
lesson on solutions, Daisy asked the students to do a hands-on activity as 
described in the hand-out. The students followed the worksheet and filled in the 
blanks as they completed the activity. At the end, Daisy told all the students that 
they should have 50 ml as the answer. This activity involved little discussion or 
student input. Everybody followed the procedure as described by Daisy and as 
written in the hand-out. 
Daisy: We will do an experiment to find out how much salt is in the water 
solution. 
S4 (female): It’s dissolved. Can’t find that. 
Daisy: We have to find out how we can measure the salt dissolved. What 
we will do is first measure (weigh) 50ml of water in the cup. Then 
measure (weigh) salt solution made out of 50ml of water separately. We 
can find that out first. I want you to measure the water and solution 
separately and find the difference between them. You will do that. First 
write the question which is on the board and write your own hypothesis in 
your groups. Then do the experiment.  
 
During the stimulated-recall interview, Daisy described some legitimate 
reasons for not letting students struggle with the experiment. First, a district 
mandate requires that they finish the lesson on time (by the end of the 9-week 
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block). She wanted her students to be able to do all the activities in the FOSS kit. 
Therefore, she had to choose between letting the students discover the right 
process skills and giving them all the process skills to complete the experiment. 
Daisy chose the latter and provided instructions on how to do the experiment 
correctly. Her decision to teach the way she does was based on what she calls 
“jumping the hoop.” In Daisy’s case, the pressure to improve students’ test scores 
is paramount, because that is how she and the students will be judged. She 
understands that students need more interaction in science class, but does not 
believe it to be a realistic possibility. 
Comparisons. All 4 teachers put great emphasis on teaching science 
process skills to their students. They strongly believe that if students master 
science process skills, they can investigate any science question successfully. The 
following frequency table, Table 6, shows how often teachers in this study made 
decisions to talk about science process skills. Decisions in this case were counted 
as an occurrence when the teacher listed out loud, during the lesson, the process 
skills to students. During stimulated-recall interviews, teachers verified that the 




Frequency of Teachers’ Decisions to Teach Science Process Skills During the 5th 
and the 14th Lessons 






The teachers made conscious decisions to insure that students understood 
the importance of knowing science process skills and being able to describe them 
and use them in their activities. Teachers in this study frequently asked students to 
write down the names of the science process skills and their definitions. The 
teachers believe that if students write definitions, they will remember science 
process skills better during high-stakes tests. At the same time, the teachers’ 
priority is to make students remember the “correct” scientific method and to apply 
it in science experiments (Tobin & McRobbie, 1996). None of the teachers talked 
about the scientific method but talked a lot about writing science process skills as 
a stepwise process for doing science. Nonetheless, all 4 teachers expressed that 
knowing and learning science process skills is important if students want to pass 
the standardized tests. All teachers reported their belief that science process skills 
help in science investigation. 
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Theme 4: Social Scaffolding Affects Teacher–Student Interaction  
Social scaffolding includes interactions in science classes between 
students and teachers, where (a) teachers ask students to elaborate their ideas, (b) 
students support each other in activities, and (c) teachers show or mention 
contributions of students in helping to understand science content (Nathan & 
Knuth, 2003; Williams & Baxter, 1996). Social interactions between students and 
teachers are important for they establish a caring and cooperative classroom 
environment. Social interactions play a major role in classes where students have 
greater input in their learning. In classes where students’ knowledge and 
experiences are valued and used actively in discussions, social norms and 
standards determine how well the students will learn. 
 Jane. Social scaffolding varied in each teacher’s classroom in this study. 
Jane and Michael’s classrooms offered an effective environment for social 
scaffolding. Students and teachers in these classes effortlessly exchanged 
information, ideas, and questions. In the following episode, Jane tried to introduce 
to the students the concept that when they want to know something in science, 
they need to find a question that interests them. This can be done through 
research, literature reading, and discussion with other colleagues who are doing 
similar work. The episode showed the nature of social scaffolding between what 
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teachers want students to think and say and what students perceive or think is the 
“right” answer to the question. 
Jane: What do you have to do when you want to learn something? 
S1 (male): Pay attention. 
Jane: Pay attention, OK. If somebody is talking or giving you instructions 
you want to pay attention. But if you want to learn something; what [are] 
some things you want to do? 
S2 (female): Talk and look at the person straight in the eye. 
Jane: Look straight in the eye.  
S2 (female): Research.  
Jane: Where do you want to go for research? 
S3 (male): Internet… 
S4 (male): Encyclopedia… 
S5 (female): Books… 
S6 (male): Ask an expert… 
Jane: Ask an expert. Anybody else? 
S7 (male): Look in the computer. 
Jane: Take notes. Type it in the computer. Anybody else? 
S8 (female): Does it matter who is talking? 
Jane: Who is talking.  
S9 (female): Draw everything and listen. 
Jane: Draw everything and listen. What do you want to do more when you 
research? Let’s go back to [a student’s] question. What makes you 
research? What makes you get started? (8-second pause) If I say potato 
does it make you go and research? 
 
During this discussion, Jane knew that the students misunderstood her 
question. The students thought Jane was reprimanding them. However, she never 
gave them the answer she was seeking. Instead, she looked for responses from 
them and directed her questions with students’ own responses. During this period 
in the classroom, all the students believed that they had done badly in the previous 
week’s high-stakes test, and therefore their teacher was not giving them the 
answer. Students also believed that they had to respond to Jane’s questions with 
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good behavioral answers like pay attention, take notes, and do homework on time. 
Students tried to use their prior experiences when interacting with Jane because 
they knew what worked and what did not. Nonetheless, in other classes, students 
were not too concerned about giving what they thought to be the right answer.  
Jane used students’ responses and their experiences to talk about doing 
science investigations. Jane tried to utilize the QuEST cycle from the LiFE 
curriculum to help students critically think about science investigations. She 
struggled to get to the desired goal during this interaction, but she still used 
students’ responses and experiences to achieve the goal of helping students to 
build critical thinking and problem-solving skills. During the stimulated-recall 
interview, Jane mentioned that her decision to keep on pushing until her students 
got it right was based on her thinking that if she decides to give the answer, they 
will never develop critical thinking and problem-solving skills. She also stressed 
that as a teacher she thinks about bringing in all the students’ experiences and 
answers to guide them to understand complex science concepts. This also allows 
her to build a working social environment.  
To her students, all of Jane’s classes feel like a place where they can 
support each other and learn science. Jane acknowledges all kinds of answers and 
encourages students to bring their experiences into the class. Jane’s thinking about 
allowing students to share their experiences is not only based on teaching science 
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for contextual relevancy (Barton & Yang, 2000; Borger, & Tilleme, 1993; Zahur 
et al., 2001), but also on encouraging student interactions.  
In her third observed lesson, Jane asked students to think about what it 
means to measure and observe during science activities. Leticia, one of the 
students in the class, asked if observing is measuring. Jane put this question back 
to the students and allowed them to explain and support their answers.  
Jane: Observing is not measuring? 
Leticia: No. Because when you observe we don’t use ruler or any 
measuring thing. 
Jane: What about when you just look at things and guess how big or small 
it is? 
Leticia: That is measuring? 
Jane: What do you think? Explain it to me.  
Leticia: Well, measure is like you have numbers and observing is just 
looking.  
[After 10 minutes of discussion Jane brought in the example of owl pellet 
activity that her class had done a week earlier.] 
Jane: Remember the owl pellet experiment? 
Students: Yes. 
Jane: How did we find out the animals that the owls eat? 
Leticia: We matched the bones with the picture in worksheet. 
Jane: Did you measure the bones or observe? 
Leticia: Observe and match. 
 
During this discussion, some students talked about how when they observe 
the sky at night they do not use ruler to measure but use their sight. Some other 
students remarked that observation is about knowing color, texture, and shape, not 
about measuring. Jane at this point, as she recalled in her interview, was thinking 
about using a previous science activity to illustrate how observing is a type of 
measurement. Jane decided to talk about the owl pellet activity because during 
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that activity they observed various sizes of bones and matched them with those 
that were on the worksheet. After Jane talked about the owl pellet activity, 
students discussed how they estimated bone size and matched the bones with the 
animals listed on the worksheet. Jane used students’ experiences to explain how 
observation is a type of measurement.  
Michael. Like Jane, Michael’s classes offered dynamic student and teacher 
interactions. Students participated openly, and the teacher helped to facilitate that 
openness to promote productive social interactions. The following episode is an 
example of social scaffolding in Michael’s science class. The discussion occurred 
during a lesson on how salty the water should be for brine shrimp to survive.  
Michael: Today we will investigate the saltiness of water that is good for 
brine shrimp to grow. 
S3 (male): Salt water is good for brine shrimp?  
S12 (female): Because, like, we don’t drink salt water. Too much salt is 
bad. 
Michael: It is bad, but what might be the reason. 
S12 (female): You have, you can’t eat lot of food if it’s salty. 
Michael: Why can’t we do that? What happens if we do eat salty food? 
S7 (male): We don’t feel good. 
S8 (male): We need a cup of salt water, a cup of clear water [unsalted], a 
cup of muddy water and put the brine shrimp in and see what happens. 
Michael: But how do we know how much salt is good? 
 
Michael wanted his students to brainstorm on how to find out the degree 
of saltiness that brine shrimp can tolerate. During the brainstorming activity, 
students not only talked about their experiences with salty food and how people 
cope with that situation, but also discussed the likely effect of salt on growth. 
Students offered many different ideas about how to find the optimal salt 
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environment for brine shrimp to grow. Michael encouraged students to be part of 
the discussion. By doing so, Michael provided an opportunity for his students to 
express their understanding. Students and teacher participated with a lot of 
questions and answers to understand why a large amount of salt is not good for 
humans to consume and how to investigate the strength of salt water in which 
brine shrimp can grow well.  
In the subsequent interview, Michael explained his decision and thinking 
during this episode. Michael guided his interactions with students by asking 
himself: “How long will I go and ask the question?” He mentioned during the 
interview that he gives some “hang time” to his students, but when he senses that 
nobody will answer his question, he guides them to get the answer or think more 
about the possible solutions. Michael is always thinking about how he can use 
students’ input in discussions and activities. He also wants explanations from his 
students so that he knows their level of understanding. Michael expects his 
students to come to his class with the desire to know more about science. He is 
willing to accommodate students’ curiosities to help them learn science. He 
believes that as a teacher he needs to promote students’ eagerness to learn science.  
Social scaffolding is based on mutual respect. Michael makes sure that 
students do not laugh at others’ ideas because that may prevent them from 
participating in future class discussions. Michael believes that classrooms are 
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social environments. For better learning, social norms and behaviors have to be 
set to promote learning.  
If we’re able to do that we can have a classroom society that is better 
informed with [a] better foundation and also we could deliver better to the 
kids.…I at times struggle in trying to come to terms or accommodate these 
kids so that they have the opportunity to do something that they lacked. I 
have to make sure that I can connect to the kids and try to find those fine 
things that would make those connections, and many times I can’t find it. 
 
 Vera. Vera’s classes had fewer episodes of social scaffolding when 
compared to Jane and Michael’s classes. The student–teacher interactions in 
Vera’s classes were mostly based on short explanations for understanding and did 
not last long during her science classes. The nature of the social scaffolding was 
mostly about asking students to repeat the answer with little explanation:  
Vera: So, why is air a mixture? 
S9 (male): There are many things in the air. 
Vera: Can you give me example? 
S9 (male): Oxygen, hydrogen, carbon dioxide. 
Vera: So, a mixture is when two or more than two things together. 
Students: Yes. 
 
In this interaction, Vera asked students science knowledge questions and 
students answered them or she told them the answer. There was very little 
interaction beyond question and answer. Students hardly brought their 
experiences into the classroom discussion. Vera decided to keep the interactions 
short because “it allow[s] students to get the answer.” In Vera’s thinking, social 
scaffolding should be limited to asking students questions and allowing students 
to explain what they have understood during a science lesson. Because this 
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fourth-grade class had more students who are “weaker” (lower achievement in 
high-stakes tests) than did other fourth-grade classes, Vera believed that she 
needed to keep the discussions short. During science teaching her goal is “to 
provide some opportunity to students to clarify their understanding and participate 
in discussions.” Too much discussion can lead to “confusion and 
misunderstanding. Time [is] the essence and dictate[s] the length of interactions.”  
Daisy. In Daisy’s science class, social scaffolding was almost nonexistent. 
She likes to have her class focused on knowing the content and remembering 
them for high-stakes tests. Daisy’s students repeated the definitions that she wrote 
on the board. In her class, students rarely have a longer interaction with the 
teacher. Most interactions are limited to students answering Daisy’s questions or 
personal conversations unrelated to the science lesson. During a stimulated-recall 
interview, Daisy mentioned that she did not ask her students to elaborate on why 
more salt could be dissolved in hot water because she was thinking that this 
knowledge would not help her students to do better on high-stakes tests. Daisy 
reasoned that her decision not to have a discussion on solubility was also based on 
the school district’s demand to complete the IPGs before district officials came to 
her school to check for progress, because her school is labeled as “low 
performing.”  
Discussions are good. I know that I should allow more discussions, but I 
don’t have that much time in my class. Almost 60% of the students failed 
last year and most of the kids here have limited science concept. I don’t 
think they can handle long discussions because they completely get lost. 
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….I make decisions not to drag the discussion because they are not quite 
built to handle that. 
 
Daisy is concerned that her students will fail high-stakes tests and she 
cannot let that happen. She thinks that if students of “lower ability” (according to 
their achievement in the high-stakes tests) get direct information from the teacher, 
they are more likely to understand and retain science concepts. She believes that 
students need guidance when making transitions from memorization to critical 
thinking.  
 
Theme 5: Creating an Environment for Science Discourse is Important 
This section elucidates the nature of science discourse, the role of student 
input (their experiences, questions, ideas, and knowledge), and the use of student 
input in science teaching. Teachers not only make conceptual decisions to help 
students better understand science concepts, they are also instructional leaders 
guiding students through the science learning process. The learning environment 
that teachers help create is manifested in the kind of discussions in class (Brophy 
& Good, 1986; Carnahan, 1980; Claderhead 1993). In this regard, teachers are the 
leaders, because without their permission and support, students cannot and will 
not participate productively in class. This section looks at the nature of science 
classes when students bring in or share their experiences. This section also looks 
at the role that teachers play in promoting science discourse in the class. 
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After closely analyzing the data from classroom observations, stimulated-
recall interviews, classroom videotapes and audiotapes, and informal 
conversations with the teachers, the analysis showed that Jane and Michael 
allowed student discourse to be a part of science classrooms more than Vera and 
Daisy. Jane and Michael are very eager for students to bring their personal 
experiences, questions, ideas, and knowledge into their science classes and thus 
help build an environment for that purpose.  
 Jane. Jane is cognizant that science learning needs an environment where 
students can bring in what they know and try it out. Jane wants her students to 
experiment and discuss their experiences, ideas, questions, and knowledge in her 
classes. Because she also wants to be a part of that experience, she brings in her 
own experiences, ideas, and knowledge to share with her students. Jane allows her 
students to be involved in sharing their experiences and knowledge as a part of 
science teaching and the learning process. Jane has an open policy about what 
students can share and discuss, but at the same time provides leadership in the 
discussion to produce a productive outcome and experience. In the excerpt below, 
she introduced the relationship between vision and light and allowed student 
discourse to be a part of her teaching. Jane was introducing a new topic on light 
and vision and wanted her students to think about this relationship and share their 
ideas, experiences, and knowledge. The students talked about how night-goggles 
help them to see things at night and how they can see stars in the dark. Jane 
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allowed this discourse to take place because it brought forth students’ 
misconceptions about vision and light. The following interaction shows how 
students shared their experiences in the classroom: 
Jane: Can you see in the dark? 
S13 (male): We need light to see some things and not that is powered by 
light. 
Jane: My question is do we need light to see. We are not talking about 
energy here yet. 
S2 (female): No. 
Jane: She thinks it’s not true. Let’s hear from her. 
S2 (female): If you wear night goggles you can see in the dark. I can walk 
in the dark. When there is no light I can get to the door at home. 
S18 (male): Switch off light (Jane switches off the light). I can walk to the 
door. 
S8 (female): We know the door. Can’t do in new place. 
S16 (female): If the light bounces off the mirror and comes to the dark we 
can see then. 
S2 (female): Yes. You can see the star in the dark. Lot of stars in the dark 
and you can see. 
 
After the interaction, Jane introduces the concept that vision and light are 
related, and without light animals cannot see. They also discussed animals that 
can see at night and how their vision is different from ours. Students described 
their experiences of how cats can see at night easily because their eyes are more 
sensitive to less light than many diurnal animals. During this interaction Jane 
provided guidance when the discussion strayed from the intended goal of the 
question or the class. Jane encouraged students to lead the discussion with 
questions and comments. During the stimulated-recall interview, Jane recalled the 
above interaction as deciding to provide a space for students’ ideas and their 
knowledge so that they could test them for learning. She stated that her decision at 
 109
that moment was to give students an opportunity to make mistakes and learn from 
them. Learning through sharing prior knowledge in a communal environment 
allows students to reshape their understanding of a given concept (Fusco, 2001; 
Lave & Wegner, 1993; Resnick, 1991).  
The following interaction between Leticia and Jane is an example of social 
and behavioral expectations and the norms that Jane has for her students. The 
exchange between Leticia and Jane is also about teachers’ desire to facilitate 
students’ ideas, understanding of science concepts, and knowledge.  
Jane: Is observing measuring? 
Leticia: No. When you observe you don’t use ruler or anything. 
Jane: What about when you just look at things and guess how big or small 
it is? 
Leticia: That is measuring? 
Jane: What do you think? Explain to me. 
Leticia: Well, measuring is like you have numbers. Like 2 centimeter and 
observing is just looking. 
Jane: Give me example. 
Leticia: When we observe the seeds before we put in soil (3-second 
pause), we write color, size, smooth, rough. We don’t write 2 centimeter. 
José: Why? 
Leticia: We don’t have numbers. 
José: But observing is a kind of measuring because we can guess numbers 
correctly. 
 
In this particular instance the rest of the class listened to the discussion 
between Leticia and Jane with very little interruption. However, Jane allowed 
José to ask for further clarification or otherwise provide input in the discussion. 
The discussion continued until Jane finally provided the answer to her question. 
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Jane’s ultimate decision for answering the question was based on her thinking that 
students need some kind of answer to avoid confusion.  
It is O K to take a chance and even if you got it wrong but without 
thinking it you are carrying it forward. I sometimes give answers because 
either I believe that it is necessary or it will be tough for students to find 
the answer. It might be beyond their ability. Sometimes I just think that it 
avoids confusion. Can you prove it, can you show somebody something 
that you did or thought about. Can we have debate or dialogue and talk 
about what you did, what are your findings, your theory and can you 
convince others with your findings. My idea is that these kids think and 
learn science in a manner in which it helps them seek more knowledge.  
 
Michael. Michael likes his students to make the most out of their 
knowledge and questions and learn science at the same time. In the following 
discussion on environment, students brought in the question of why certain plants 
grow in certain climates. Though this was not part of the actual content Michael 
planned, he allowed students to discuss the relationship between climate and 
planting. Many students in his class come from migrant families who have lived 
on farms. These students brought in their experiences, which differed from most 
other students who grew up in urban environments. Michael provided support for 
these students to share their experiences with the rest of the class.  
S3 (female): You have to plant like beans in the warm climate. 
S2 (female): Yeah. That’s when we harvest it. 
Michael: Why do you have to plant them during warm weather? 
S3 (female): That’s when it grows well. 
S7 (male): We plant beans when it starts to get hotter. Not too hot. 
Michael: What conditions do the seeds need to sprout? 
S10 (male): Water, soil. 
S18 (female): Why just water? Can we just make the soil really soggy and 
plant?  
S3 (female): Yes it will sprout. 
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S6 (female): Like the bean sprouts. It’s in the water only. 
S12 (male): At home, you know, the beans and, um (3-second pause), 
sprouts things soaked in water for some days. 
 
The students freely brought in their experiences, ideas, questions, and 
knowledge to share with the class, resulting in lively student participation. 
Michael tried to guide them towards the science concept that he was teaching 
while allowing students actively participate in the discussion. Michael explained 
that his thinking behind such decisions is to help students bring their lived 
experiences into science class and try to find the answers to those experiences. 
His decision was also based on his belief that unless he allows students to make 
sense of their experiences, they will not learn the connection between science and 
their lived experiences. In science, the openness of the questions and discussions 
allow students and teachers to bring in their discourses as a part of a learning 
exercise. This helps students learn to question, argue, and appreciate each others’ 
contributions for learning.  
In Michael’s stimulated-recall interview, he explained his motive for 
promoting student interaction and critical thinking. He believes that in science 
students have to be able to apply their imagination and critical thinking skills to 
understand science concepts. He also tries to create a comfortable environment for 
the students, both higher and lower skilled, so they feel comfortable enough to 
share and discuss their ideas with others. The teacher in this case leads the 
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students to build a more complex and better science concept rather than being 
authoritative. 
 Vera. Vera and Daisy allow their students to share few of their 
experiences and knowledge in science class. Their shared goal is to make sure that 
the science concept goals are covered in the given lesson. Vera and Daisy 
reported other reasons to keep the classroom environment fairly restrictive. Vera 
wanted to avoid the risky business of getting tied to “something [that] I don’t 
know.” Daisy, on the other hand, was more concerned about completing the 
science content with little or no input from students because they are mostly at a 
lower performance level. Both teachers explained their decisions to make the 
environment fairly restrictive: 
Vera: For me, many science topics and concepts, especially the ones that 
include physical science, are not easy to explain. We don’t have materials 
to do the experiments, like to show the colors of light, and also I have very 
little knowledge on the topic. Students have lots of questions, and I feel 
not comfortable not answering them. Also, if I open the discussion too 
wide, then I feel that I can get tied in something I don’t know. I decide to 
curb student input if discussion becomes too fragmented. Looking at what 
I know and what I can do, I restrict the discussion to a limit. However, I 
know that I have to work on making the environment more receptive to 
students’ knowledge, ideas, and experiences.   
 
Daisy: The reform in science teaching and learning asks us to be open to 
discussion, students’ input, students’ knowledge and ideas, but the reality 
is not that. I want them to learn more, but I can’t keep my class too open 
for discussion because these kids are very low performing and got to get 
the basics right away. Most of them can’t follow if the talk goes 
everywhere, so I decide to restrict the openness of discussion. Looking at 
the ability that they have, well, I have to be direct in instruction. Again I 
hate to say that they have to pass [the high-stakes] test. I think about 
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opening the discussion for what they know, but I decide against it because, 
as you know, I have to make the topics simple for them to understand.  
 
Vera reported being willing to provide a constructive environment for 
students when she is well-versed in the science concepts she is teaching. She is 
aware that her students need a nurturing environment to share freely their 
knowledge and questions to better understand science concepts. Observations of 
her classes showed that she was somewhat receptive to students’ ideas but not 
sure if students could make sense of what they shared in the class. In most of the 
classes, Vera hesitated to have students share their experiences because she was 
not sure how to deal with that situation. She was particularly restrictive in her 
decision to allow students to bring in their experiences as a part of science 
learning. Vera thinks that there are many questions in science that she cannot 
answer. Therefore, she is not that receptive of students’ discourses. The following 
discussion on the colors of light shows how she managed students’ discourses: 
Vera: So, light has seven colors. We can find that out. 
S6( female): No. We don’t see it’s all white or orange. 
Vera: O K. We’re doing an experiment with prism. I’ll demonstrate 
(shows light spectrum on a white background). 
Vera: Do you see them? 
Students: Like the rainbow. 
S3 (male): There’re only four. Red, green, orange, blue.  
Vera: O K. Listen to me. There’re seven (pointing to each one): red, 
orange, yellow, green, blue, violet, indigo. 
S9 (female): Why do we see red through this red plastic? 
Vera: We just need to know that there’re seven colors. 
 
During this interaction, Vera was very prescriptive and direct in her 
response to students’ comments. Two students brought in new discourses: one 
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about the rainbow and the other about color. Vera never addressed this input or 
tried to answer student questions directly. She told students what she thought was 
important for them to learn. She decided not to explain why a rainbow has seven 
colors because she did not want to waste time and not complete the lesson. She 
also acted on her belief that students in her class could not understand complex 
answers. She perceived her students to be academically weaker because they 
scored below average in their high-stakes tests (Fusco, 2001). Below-average 
performance puts pressure on Vera not to deviate from the planned lesson because 
such performance may be perceived by the administrators as wasting time and not 
teaching for the high-stakes tests.  
 Daisy. Daisy reported being caught between her roles as a facilitator and 
information provider. She knows that her students must understand the science 
concepts to pass the test; however, they also need to be able to learn new 
scientific concepts. Nonetheless, she did not seem willing to give up her role as 
classroom leader. Because her students are less able and thus more likely to fail 
high-stakes tests, she did not provide an open environment to let the students 
discuss and bring their knowledge and ideas into the classroom. 
Comparison: Teachers who allow students’ experiences to be a part of 
science classroom interactions have a very dynamic classroom environment. Most 
students in these classes participate as equal partners in learning. Students who 
are different from the mainstream culture need a class that allows their discourses 
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to be a part of the learning process. Teachers in these classes, such as Jane and 
Michael, are aware that teacher support is critical to developing a discourse-
oriented science classroom.  
 The following frequency table, Table 7, indicates how often teachers in 
this study brought in their experiences and allowed students to bring in their 
experiences during science lessons. The greater the number of times teachers 
brought in their own experiences, the more likely students were to bring their 
experiences into science classes. The frequency table shows that on average 
students brought in their own experiences twice as often as the teachers did. 
However, further analysis is needed to verify this result, because this finding 




Frequency of Teachers’ Discourse Versus Students’ Discourse During the 7th and 
the 11th Lessons 




Jane 8 15 
Michael 7 13 
Vera 4 6 
Daisy 4 6 
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Teachers who allow discourse in science learning have a very strong belief 
that science learning happens with active interaction (Tobin et al., 1990, Tobin & 
McRobbie, 1996). For these teachers, passive interactions mean not making 
students responsible for their learning. Teachers who do not want lessons to 
digress from their plan believe that students do not  have a part in influencing a 
curriculum (Hillocks, 1998; Shavelson & Stern, 1981). Thus, the learning in these 
teachers’ classes is less active and more passive in nature.  
 
Summary 
 Knowing life histories provides some explanations behind teachers’ 
thinking and the decisions that they make during teaching. Most elementary 
school teachers in this study have very little science background, and most of their 
thinking during teaching rested on their experiences as a school or college 
student. 
Teachers in this study were divided regarding the idea that students’ 
experiences have to be a part of science teaching and learning. The reasons for 
using students’ experiences as a part of science teaching and learning varied 
among the teachers, as did the amount of time each teacher permitted the 
experiences to be introduced in class discussions. Reasons for not using 
experiences included (a) students’ being lower skilled academically, and (b) 
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administrative pressure to complete the course to improve student grades in high-
stakes tests.  
 Teachers also agreed that teaching students science process skills is an 
integral part of doing science. Some teachers make conceptual decisions based on 
students’ shared experiences. Mastering the “correct” application of science 
process skills allows students to get the “right” answer during hands-on activities. 
Teachers in the study emphasized that students have to master the application of 
science process skills to pass the high-stakes test.  
Teachers make conceptual decisions all the time. Teachers in this study 
agreed that the decision-making process is difficult. They must choose between 
teaching science for conceptual understanding and teaching for success on high-
stakes tests. Furthermore, teachers from low-performing schools in this study 
reported that they cannot afford to have discourse-oriented classes because those 
classes tend to disrupt the flow of the class and can cause misunderstanding.  
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CHAPTER FIVE 
DISCUSSIONS, IMPLICATIONS, AND RECOMMENDATIONS 
 
Overview 
This chapter discusses the findings regarding the three research questions 
addressed in this study:  
1. What do teachers think when using students’ experiences during 
interactions with students?  
2. How do the experiences students bring to the classroom influence the 
science content that the teacher teaches?  
3. What do the interactions between teachers and students look like when 
students share or bring their experiences in the classrooms?  





Research Question 1  
Research Question 1 asked, What do teachers think when using students’ 
experiences during interactions with students? 
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A teacher’s willingness to incorporate students’ experiences into science 
class is a stepping stone for generating an inclusive environment where all 
students can learn science. Students have to appreciate, understand, and 
participate in the everyday dialogue around them. Teachers who allow students to 
bring their lived experiences into the science classroom help in the 
implementation and application of a reformed science curriculum and also in 
students’ science learning (Delpit, 1995; Marshall, 1992; Zahur et al., 2001).  
The 4 teachers in this cross-case study—Jane, Michael, Vera, and Daisy—
all reported their belief that science classroom discussions must have room for 
students to talk and share about their science-related experiences. However, they 
disagreed on the extent of inclusiveness. Jane and Michael are more open to broad 
discussions within the science content that they are teaching. Jane and Michael 
support students’ discussions to build an environment that value others’ 
experiences. In their science classrooms, students are quite free to discuss any 
experiences, both those that support the science content under discussion as well 
as some that do not. Jane and Michael believe that what they teach has to be a part 
of what students think or perceive as being useful outside the classroom. The 
decisions that Jane and Michael make while teaching are based on (a) what 
experiences are important in advancing accurate science concepts without 
alienating students from science and (b) what science content should be taught so 
that students see the connection between science and their everyday life 
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experiences. However, both Jane and Michael acknowledged the following 
pitfalls in allowing too many students’ experiences into a science lesson:  
1. Students may think that science concepts have to fit every experience 
that they have encountered; in other words, science can explain social and cultural 
habits even though many of these habits cannot be explained using science 
concepts.  
2. To students, science may represent the sharing of experiences rather 
than using science concepts to explain those experiences or making science a part 
of understanding those experiences in a more logical manner.  
3. Students may have the misconception that all the experiences shared in 
science class can be explained by the science concept being discussed. 
4. Teachers may have to sort out all shared experiences and provide 
concise and appropriate scientific concepts related to those experiences and still 
maintain students on task. 
5. Teachers may allow a disproportionate amount of participation for some 
students. 
In the cases of Vera and Daisy, students’ experiences do not take the 
central role in their science teaching. This is particularly true in Daisy’s science 
classes. Because her lesson plans do not include allowances for students’ 
experiences, student input comes as a surprise. Daisy’s science class is structured 
more like a traditional science class with task completion as the major goal. Daisy 
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named two major reasons for not being too enthusiastic about allowing students’ 
experiences to be a part of her science teaching and learning. First, she believes 
that her students have low academic ability, thus they are not able to understand 
simultaneous scientific concepts. She believes they lack the ability to make the 
connection between a myriad of shared experiences and the science concepts 
being taught. Second, she is under a lot of pressure from the district, school 
administrators, and parents to prepare students for the statewide high-stakes test. 
Because her school is labeled as “low performing,” she needs to make sure that 
her students do not fail and adversely influence the label that school receives from 
the district. In addition, she must complete the 9-week block curriculum on time 
for the students to be able to do hands-on activities. Therefore, the perceived 
science ability of the students (Marland, 2003; Broome, 1984), administrative 
pressure, fear of bad labeling, and the block nature of the curriculum influences 
Daisy’s thinking and decisions on whether to allow students’ experiences as a part 
of her science teaching.  
In the case of Jane and Michael, their school is labeled as “high 
performing”; however, they face administrative pressure (Calderhead, 1996; Clark 
& Yinger, 1987; John, 1991; Shavelson & Stern, 1981) to do constantly better. 
Nonetheless, Jane and Michael reported less direct pressure from the principal to 
be on task. Also, Jane and Michael believe that science learning is a cooperative, 
communal process where students and teachers work together. The LiFE 
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curriculum supports their beliefs about the value of students’ experiences in 
learning science or any other subject. McCarty et al. (1991) and Michaels’s 
(1981) studies suggested that using students’ lived experiences can help students’ 
critical thinking and problem-solving skills because students can examine their 
understanding against the concepts that they are learning. At the same time 
McCarty et al., in their study of Navajo children’s learning style, discovered that 
teachers can advance higher order problem-solving skills by pushing students 
beyond their background knowledge or lived experiences. Additionally, students 
of all abilities can learn and make sense of scientific concepts and the usefulness 
of those concepts in relation to their experiences with some help from teachers. In 
these classes, students are more participatory when their views, knowledge, and 
ideas are valued.  
 
Research Question 2 
Research Question 2 asked, How do the experiences students bring to the 
classroom influence the science content that the teacher teaches? 
 Teachers use students’ experiences to teach science content and concepts 
at different levels and frequencies. Teachers’ decisions to use or not to use 
students’ experiences to teach science concepts depends on the classroom 
environment (Clark & Yager, 1980; Miguel & Angulo, 1988), students’ academic 
ability, teachers’ perception (Peters, 1984) of students’ ability, and high-stakes 
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tests. One of the participants of this study, Jane, expresses the need for rapid 
conceptual decisions during her science teaching:  
As teachers we have to take the leadership role. When our teachings are 
student centered and where their personal knowledge from home and 
playgrounds are a part of science learning, teachers have to decide which 
concepts to teach now and at once and which ones to leave for later. I 
believe that thinking about conceptual decisions and acting on them is a 
part of being a responsive teacher. The examples in the LiFE curriculum 
help me to deal with this. 
 
This study argues that there are two kinds of teachers when it comes to 
making conceptual decisions. Some teachers make conceptual decisions to 
explain the questions generated by students’ sharing of their experiences, 
knowledge, or ideas. The other kind of teacher does not introduce new concepts 
despite having opportunities to do so. The first type of teacher likes to elaborate, 
introduce, and use new and previously taught science concepts to help students 
understand and make sense of their knowledge and experiences. This researcher 
calls these teachers “inclusive decision-makers” because they introduce new 
concepts as much as possible and urge students to use these science concepts to 
answer their experiences. Jane and Michael are highly inclusive decision-making 
teachers. Another characteristic of inclusive decision-making teachers is that they 
connect the required curriculum content with new content that comes out of 
student–teacher discussions (Hillocks, 1998). The second type of teacher is more 
concerned with completing the concept covered by the curriculum. This 
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researcher calls these teachers “non-inclusive decision-makers” because they do 
not make students’ experiences a part of their conceptual decisions.  
This study has shown that the conceptual decisions in science classes are 
based on three factors: (a) teachers’ perception of students’ academically ability, 
(b) high-stakes testing, and (c) teachers’ beliefs and thinking. 
Teachers’ perception of student’s academic ability: In this study, teachers 
with higher ability students tended to make 80% more conceptual decisions than 
teachers with lower ability students. Teachers’ explanations for that difference 
were based on their perceptions of students’ ability. Teachers with higher ability 
students perceived them to be more intelligent and able to handle numerous 
concepts and make sense out of those concepts. Teachers whose students scored 
below average performance on the high-stakes tests perceived that their students 
were of lower ability and therefore could not make sense out of multiple concepts 
and use them successfully in their lives.  
High-stakes testing: One of the most restricting factors for making 
conceptual decisions is the fear of lower performance on the high-stakes tests. 
Classroom observations showed that the teachers understood that they are 
required to cover the concepts on the test. Therefore, the number of conceptual 
decisions made was inversely proportional to the amount of time teachers spent 
covering the required concepts. This also relates to ability, because the teachers of 
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lower ability students assumed they would take longer to comprehend the given 
concepts, whereas higher ability students would spend less time.  
Teacher’s beliefs and thinking. Teachers’ beliefs about science teaching 
and learning play some role in their conceptual decisions. Teachers who believe 
that students have to pass the high-stakes test may decide not to cover broad 
science concepts. Some teachers delay conceptual decisions because they think 
that introducing concepts from later chapters will confuse their students. In some 
instances, Daisy and Vera tried to keep earlier concepts separate from those they 
were teaching because they feared that students would get confused. On the other 
hand, Jane and Michael think that integrating science concepts is the key to better 
understanding science.  
 
Research Question 3 
Research Question 3 asked, What interactions occur between teachers and 
students when students share or bring their experiences to the classrooms?  
Teachers in the study discussed being uncomfortable allowing students to 
lead science discussions, because student discourses can be very challenging to 
address. Students in some classes are very keen on sharing and leading the 
discussions, but the teacher must keep them on track. Jane is the only teacher who 
seemed very comfortable with students leading the discussion. Teachers who 
believe that learning happens in an environment with active interaction recognize 
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the opportunities for students to share their experiences. Jane and Michael both 
encouraged students to participate and discuss their ideas, views, and thinking 
with others and lead the discussion in the group; however, they remained 
participants and kept the discussion on track. Teachers who decide to allow 
students to bring their views, questions, experiences and ideas into the classroom 
have a successful, student-centered, constructivist classroom environment 
(Brickhouse & Bodner, 1990; Clark, 2003; Resnick, 1989). These teachers view 
their curriculum as a constructivist curriculum, where students and teachers have 
equal stakes for success (Hillocks, 1998).  
 When teachers construct a micro-curriculum with student input during 
teaching, students feel more responsible for their learning. Students become an 
integral part of the teaching and learning process. Jane and Michael showed the 
desire and willingness to have students bring in their input during science 
learning. Jane described her decision about allowing students to be a part of her 
curricular design:  
My class is one that gives them learning environment and exposure to new 
things in life and makes them more aware of what they do. I treat them as 
equal stakeholders in building my classroom environment and what I have 
to teach…..In a discovering environment students are part of what I am 
teaching and they are learning….Students feel responsible for their 
learning if I allow them to lead the discussions. I do feel that from time to 
time I have to decide who speaks and who doesn’t, because a little bit of 
structure helps to guide better learning. 
 
Whatever the extent of a constructivist curriculum, teachers who use it in 
students’ science learning find it to be worthwhile. This study also elucidates that 
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constructivist curricula may help attain a better learning environment, higher 
confidence building among students, more critical thinking activities, and a higher 
level of awareness for responsible learning. This study reaffirms Corno (1989), 
McCarty et al. (1991), and Michaels’s (1981) findings that teachers have to 
reconstruct classroom curriculums that use students’ background knowledge to 
promote a higher level of critical thinking. The LiFE curriculum advocates this 
kind of curriculum. In the LiFE curriculum, teachers use students’ experiences 
and their prior knowledge during discussions and hands-on activities. Students 
use science concepts learned in the LiFE curriculum to explain their experiences. 
Students more often think about shared experiences critically because they can 
discuss those experiences in an environment that supports their input.   
 Teachers who are in low-performing schools are under greater pressure to 
follow the district curriculum both at the macro-level and at the micro-level. In 
this case, the tendency among teachers is to complete the curriculum to satisfy the 
administration (Calderhead, 1996; Clark & Peterson, 1986). These teachers have a 
harder time creating a micro-curriculum during teaching that has a substantial 
amount of student input. These teachers are concerned that the science content 
may not be covered on time, and thus their students may not have the opportunity 
to complete activities, including hands-on learning. Therefore, students have few 
opportunities to lead discussions in science classes.  
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Teachers constantly struggle to apply the constructivist learning theory in 
a meaningful manner; they are torn between task completion and lengthy 
discussions whose outcomes are not certain. Teachers have very little time, 
resources, and administrative support for true discovery learning where students 
are the leaders in knowledge construction.  
 Social scaffolding in the science classroom comes with a premium both on 
time and on teachers’ ability to direct the class energy towards science learning. 
Many teachers, including some in this study, believe that their goal as teachers is 
to focus on teaching content rather than on establishing rules for social 
interaction. In this study, teachers seemed to understand and realize that the more 
cooperative and caring the social environment, the greater the student input in 
science learning. Delpit (1988, 1995) and Ladson-Billings (1995) both argued that 
teachers have to change the classroom environment in ways that resemble 
students’ home environment for greater participation in the classroom. This study 
found that teachers who allow a homey environment are successful in having 
higher participation in the class.  
 Jane and Michael utilized positive social interactions productively to 
promote critical thinking and a working relationship between the teachers and the 
students. Observations of Jane and Michael’s classes showed that the caring 
nature of social interactions produces a relaxed classroom atmosphere. Many new 
concepts are introduced during science classes, and teachers become facilitators 
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rather than knowledge banks with absolute power. The following remark from 
Jane sums up the effect of social interactions on students learning: “Learning 
science is a community-based activity where individuals have stakes, thus 
allowing them [students] to construct knowledge and seek more knowledge in an 
environment of mutual sharing.”  
This study elucidates another key part of social scaffolding: Classrooms 
are social environments that have to allow constructive discussions to promote 
learning. This supports the view that cognition is a social engagement where 
individuals participate in discourse communities to generate knowledge and for 
understanding (Artiles, 1996; Fish, 1980; Lave & Wegner, 2003; Resnick, 1991). 
 
Teachers’ Thinking and Decisions about Science Process Skills  
All teachers in this study agreed that elementary school students have to 
master science process skills. To all teachers, science process skills included 
performing an experiment, measurement, observation, calculation, and writing 
conclusions. However, Jane included more than these five generic process skills. 
She emphasized that students must master the ability to generate questions, 
hypothesize, and apply the hypothesis to a real-life situation. The LiFE 
curriculum was very influential in Jane’s decision to incorporate skills that exceed 
the traditional idea of scientific process.  
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 Teachers in the study emphasized that their decisions to make the students 
repeat the science processes verbally or orally guarantee that students will answer 
the statewide high-stakes test questions correctly. The high-stakes test curriculum 
demands that elementary level students master science process skills in order to 
“understand” and “perform science experiments” (Texas Administrative Code, 
1998). The teachers also believe that their job is to teach students that all science 
experiments are based on similar science process skills. The teachers believe that 
it is imperative that the students be able to describe the how-to of an experiment. 
Teachers whose schools are designated as “low performing” may be more 
inclined to make decisions that are for immediate success (i.e., helping the school 
achieve “better performing” status) despite their desire to be more critical about 
science process skills. In this study, Jane was alone when it came to expanding the 
horizon of science process skills. In her class she used the QuEST cycle to 
introduce how scientists think about interesting questions and how they find the 
answers to those questions. She not only covered the science process skills, 
important for passing the statewide high-stakes test, but also introduced aspects of 
the nature of science. Teachers in the study reported fear that not teaching science 
process skills would show lower performance in high-stakes tests, because 25% of 
the state science curriculum is about teaching science process skills. Therefore, 
teachers in the study emphasized science process skills so that students could 
answer the statewide high-stakes test questions correctly.  
 131
 This study demonstrated the constant struggle between teachers’ decisions 
on what is good for learning science and what is good for the students to achieve. 
In this study, teachers’ decisions to teach science process skills were mostly based 
on (a) passing high-stakes test, (b) getting the right answer in an experiment, and 
(c) performing an experiment without wasting time. 
 
Implications 
 The implications of this study are numerous in the areas of urban science 
education, teacher education programs, curriculum development, curriculum 
implementation, and student learning. The way teachers in urban schools think 
about their science curriculum seems to be traditional in nature, despite the 
complex diversity present in the schools where they teach. Teachers recognize 
that teaching science in urban schools requires better understanding of urban 
society. The sociocultural structures in urban schools are diverse, and teachers 
need to adjust their science curriculum accordingly. The LiFE curriculum can be 
used as a benchmark to understand the nature, structure, and scope of a science 
curriculum that supports science education in urban schools. Because the LiFE 
curriculum is designed to help urban students learn science, it is structured to 
incorporate students’ experiences and knowledge into the everyday classroom 
curriculum. Therefore, this curriculum is uniquely friendly to the urban science 
classroom.  
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This study also affirmed the findings from Hillocks’s (1998) research: 
Teachers have uniquely differentiated epistemological understanding of 
curriculum. For some teachers, the curriculum is a list of contents and district 
mandates that need to be covered in a given time frame with little input from 
students. Other teachers engage in generating a constructivist curriculum that 
allows student input as a part of the everyday curriculum. A constructivist 
curriculum provides opportunity to diverse populations of students to share out-
of-school knowledge and experiences in learning science.  
Teachers’ decisions about curriculum and curriculum implementation are 
based on their beliefs about science content necessary to further science learning. 
This study suggests that curriculum developers and implementers need to address 
the need to generate micro-levels of the curriculum to suit students’ needs. 
Teachers’ decisions are also based on the context that is created during social 
interactions in the classroom. Students and teachers relate to each other in a given 
context, generating a new context. Social interactions allow teachers and students 
to co-construct a new context in which science learning takes place. As the 
interactions take place in new context, new cues are generated with newly 
negotiated meanings, contributing in the process to building a learning 
environment that construes learning in a more mutual fashion.  
Teacher education programs have to incorporate issues of context-specific 
learning, urban education, and constructivist curriculum design. This study 
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provides evidence that teaching science in a meaningful manner requires 
specialized knowledge of the urban environment, urban curriculum, and students’ 
experiences as a part of learning. Teacher education programs have to prepare 
teachers to recognize and practice this knowledge in ways that can help them 
during classroom teaching. Teacher education programs have to seek to 
understand teachers’ thinking about teaching urban students, using their 
experiences in teaching, and creating social interactions that could help science 
learning. 
Administrative influence is an important part of teachers’ thinking and 
their decision-making process. However, decisions from teachers in low-
performing schools are more influenced by administrative pressures and demands 
than those from teachers in high-performing schools. The study points out that 
high-stakes tests influence teachers’ thinking and classroom decisions more so 
than the absence of those tests. Teachers in high-performing schools also make 
very specific decisions about the nature and the scope of the science content that 
they teach because their students have to pass the high-stakes test to keep the 
school in the high-performing category. 
 
Future Research 
 More rigorous research on urban schools and teacher thinking has to be 
conducted to understand the discourse of both these fields. Also, such integrated 
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research allows the inclusion of teacher thinking and student learning as a part of 
urban science education. Further investigation is needed to determine the extent 
that student experiences influence teachers’ thinking and their decision-making 
process during classroom interaction. More study in this area can help science and 
mathematics educators design science curriculum that allows students to be a part 
of the everyday curriculum. A continued study of teacher thinking during 
curriculum implementation is also desired. In this study, the small sample of 
teachers provides some indication of how teachers think during curriculum 
implementation. A reform-based curriculum such as the LiFE curriculum is 
unique by design because it is designed to serve urban schools. Thus, a larger 
study potentially could generate better and more generalizable findings regarding 
teachers using curricula like the LiFE curriculum. 
 
Summary 
 Teachers’ thinking during classroom teaching connects what students 
bring into the classroom and what the teachers teach. Teachers make conceptual 
and managerial decisions in the class based on their prior experiences, student 
ability, and school performance and high-stakes tests. Also, teachers face a 
constant struggle between what they are obligated to do in the class and what they 
like to do based on their beliefs and understanding of the subject. Learning is an 
interactive communal process, and the classroom is a community where students 
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have to interact and learn. Therefore, classrooms have to support interactive 
communal actions. Teachers are leaders who make this learning happen. All 
implications discussed above are important to provide an effective and 
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SAMPLE CODE DEVELOPMENT BY NVIVO 
 
 
NVivo revision 2.0.163  
 




 Nodes in Set: All Nodes 
 Created: 3/20/2004 - 3:18:00 PM 
 Modified: 6/1/2004 - 1:21:56 PM 
 Number of Nodes: 22 
 1 Social Scaffolding 
 2 Students' understanding of teacher 
 3 Teachers' guidance to discussion 
 4 Teachers' understanding of student 
 5 (1) /Social Scaffolding 
 6 (1 1) /Social Scaffolding/Students' Perceived Understanding 
 7 (1 2) /Social Scaffolding/Teachers' thinking about student response 
 8 (1 3) /Social Scaffolding/Teachers' guidance in discussion 
 9 (2) /Analytical Scaffolding 
 10 (2 1) /Analytical Scaffolding/Being a scientist 
 11 (2 1 1) /Analytical Scaffolding/Being a scientist/QuEST Cycle 
 12 (2 2) /Analytical Scaffolding/Applying to life experiences 
 13 (2 3) /Analytical Scaffolding/Teachers' conceptual decisions 
 14 (2 4) /Analytical Scaffolding/Critical Thinking 
 15 (2 5) /Analytical Scaffolding/Classroom Decision 
 16 (3) /Personal Experiences in Science 
 17 (3 1) /Personal Experiences in Science/Teachers' Experience 
 18 (3 2) /Personal Experiences in Science/Students' Experiences 
 19 (4) /Planning for lesson 
 20 (4 1) /Planning for lesson/Thinking during planning 
 21 (5) /Passing the Test 
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SAMPLE INTERVIEW TRANSCRIPT OF JANE 
 
 
Researcher: Couple of questions from the previous interview, elaborations and 
clarifications.  You talked at two points during or interview that lots of elementary 
school teachers are not prepared well for teaching science.  What do you think 
and how do you plan and teach your class so that you can provide the best science 
to your students despite having little science during teacher preparation classes? 
Jane: It depends on what the subject is we are doing.  We have resources like 
books and teachers’ materials from where I get lots of necessary information.  
Textbooks, read the materials, I try to forget about what things they are already 
exposed.  I think one time we all talked about seeds.  We all know that seeds need 
dirt, water, air, sunshine, so I try to go pass that assuming that they know the 
basics.  We start getting into photosynthesis, because parts of the plants.  They 
know stems, roots, leaves, the inside of the seeds for example.  So, I try to take 
them back to the basics that they need to know the things that they haven’t 
already learned and have the foundations and then the materials that is to be 
covered for the grade level and I have some basic elementary books for different 
projects and I read them and high light the things that needs to brought out and the 
things they bring and tie it up all together.  But lot of the assumptions that they 
know this and you get into the class and you realize that you though they were 
bringing didn’t bring or brought with gross misconceptions or misunderstanding. 
 
Researcher: How do you cope with the misconceptions or when they don’t bring 
the things that you though they will bring into the classroom? 
Jane:  I try to think things that are real to them, for example, a potato, where did 
that potato come from because that is very different from other seeds like bean 
seed.  They think seed like bean seed as opposed to cutting the eyes of the 
potatoes and planting them.  So, something like that would be, having to bring 
something in and showing them or relating back to something that they already 
know or have experienced.  So, their concept of seed is more of like bean seed or 
pea seed or corn but not the potatoes or onion bulbs or garlic.  I process their 
information and try to relate to what I know and what they know and connect 
them to the context as well as the content.  Try to find something that they know 
and their knowledge which is very limited in many ways partly because of their 
socio-economic area and partly because our kids don’t cut on TV and watch the 
discovery channel, and partly because many of them come from undocumented 
immigrants and partly because they come mostly from minority, Hispanic 
families.  There is no one encouraging them to watch informative programs at 
home. So lots of our kids bring very little to the classroom.  So, it is difficult to 
find things that I can relate to their lives. If you’re going try to turn something that 
they’ve already set in their mind is one way and is not other thing. 
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Researcher: So when you are planning or teaching for such situations, what do 
you do?  How do you think through this situation so that you can help the 
children? 
Jane:  I really try to think at the top and go backward.   
 
Researcher: Meaning.. 
Jane: Meaning I take where I wanna go with the like what is skeleton ? What is 
the focus of having skeleton, why do we have them, why do we have bones? 
What good are they? And then I break it down and plan for the each break down.  
But when I teach I start from the bottom and go back up. Think about you bones 
and I start where I want to be and then I back track and try to figure out what they 
are bringing with them and how much they know and what we can do like putting 
jump rope exercise where they can see different body parts in action.  So, body is 
a machine and we will talk about how each part in that machine operates with lot 
of intricate co-ordinations.  We then talk about the different types of bones.  Are 
all the bones same? Why is wrist bone move different way than your straight-arm 
or finger, you know, how they are different?  And why can you bend your wrist 
but only half way through with your arm.  I try to take the top part, where we 
want to be, and then with other sub sections I help myself to reach there.  I go 
backward to the main goal of the lesson and think about how I am going to get 
there and then I keep on going backwards and backwards finding out where I am 
really going to have to start.  I start with pictures, with posters, things that they 
can feel such as taking the fingers together and having them move or feel or hold 
things and realize the importance of a thumb, joints and I try to keep the main 
goal (top) and then start from there and go down as I am planning at home.  
Sometime I realize that there is a too big of a gap and then I will never gonna 
reach there.  Sometimes I plan for two days at a time and break the lesson into 
two days because the time period is too short that I know that this just one lesson 
but I have to put them in two days.  So sometimes I look at things in a two-day 
time frame otherwise it will not work.  So then I have to cut it back and realize 
that the top goal is far behind my desired point and then try to back up.  
Unfortunately there are times when I just have to move on even if they don’t get it 
because of time, material, resources, support, guidelines, the tests that are coming 
through such as the nine-week test that is coming soon, CGI.   
 
Researcher: So you already got the next 9-week lesson kit? 
Jane: The FOSS kit, skeleton system, is they but this year they added more focus 
on the scientific processes so we are trying to get those from the book.  One 
question in the nine-week test was to do with the dependent and independent 
variables and we never covered that so lot of it is the process and shows me where 
I neglected.  Now I have break down the experiments further and tell them that 
 141
these are the variables and braking down to that vocabulary that the kids can 
recognize is important because even if we had done exactly the same experiment 
but if the vocabulary doesn’t match.  So, the kids will not be able to understand 
the question and answer them or comprehend properly.  To me it seems that the 
vocabulary is crucial than understanding the process of experiment and I have to 
co-ordinate that more in this regard.  
I think where do I start and where am I going to go by the end of the class.  
Sometime I go where am I supposed to be and that is what I am talking about the 
top.  Ok we are going to have to go through the whole scoop, and then the parts.  
Now I kind of look at it where I ended up being. 
 
Researcher: So, when you plan you, you go from the top to bottom but when you 
teach you go from bottom up.  
Jane: Before I teach it I go back to the beginning to make sure that I have made 
the connection.  If I don’t with the next step because you can’t go from skull to 
whole body.  There are muscles and tendons and ligaments and veins and when I 
get to the bottom, I reverse it before I teach it and make sure that I didn’t leave 
out a step and they didn’t make what it makes kids to mixed up or confused.  If I 
don’t know where I am going, I get side tracked that’s why I look at the big 
picture first and I look at the big picture and do go back and start and think about 
it.  If I don’t know where I am going I may get side tracked and start doing heart 
or brain and never get back where I supposed to be.  So, sometime I do start from 
the beginning when I start planning but I always look to see where I supposed to 
end up.  It depends on what it is that makes me go back wards or forward.  I need 
to know where that goal is but that half unit or that unit or that section because I 
can find myself way out there.   
 
Researcher:  When you are teaching last time you said that lot of kids don’t want 
to share what they think and are always afraid of saying something wrong.  They 
look at the intelligent one for the answer.  You want to make sure that science is a 
safe subject where students’ can speak their minds and learn from their mistakes. 
When that happens in your class, would you describe for me what you are 
thinking when that happens in your class? 
Jane:  I keep thinking about that particular kind of students about how I am going 
to help them understand the appropriate concept using the student’s answer or 
idea.  I ponder about various paths that might fit to answer the question or 
problem so that the students learn from the errors.  I have to take them from point 
A to point B and I just start grabbing.  Most of the time it’s not planned.  Most of 
the time you’re saying I can’t plan it.  Is the pendulum going to swing more time 
with the longer the string or shorter the string? They will say longer and you are 
like OK let’s try and find out.  So, lot of time you cannot convince them but they 
will say you’re the teacher you’re right.  But I am not sure, … there was a girl last 
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year that I could never convince her when drawings came for the skeleton when 
the drawings came it looked like a frog and I bought books and pictures and how 
do you get a child who sees the frog legs like this (showing with her hand) and 
thinks about us jumping and that really a part of the frog family.  You just keep 
trying. Sometimes it’s just panic.  It’s not planned. It’s grabbing whatever comes 
into your mind and some days you are sharper than other days.  That you can’t 
plan that our because you don’t know what will happen.  You just start asking 
questions and if you can show them better or try to make them think or you think 
what about when light and dark; when it’s really dark do you see the nightlight or 
the streetlight, you know. You just have to go back what they have experienced 
themselves.  You just grabbing that moment and experience and bring them back 
to their world that relate to other things where they can make sense out of 
whatever you are saying or doing or they are reading and doing.   
 
Researcher: Can you give me an example where this happened (relating to their 
world)? 
Jane: Specific one? 
 
Researcher: Yes. 
Jane: OK. It’s 100 degrees outside it doesn’t matter there is same temperature 
everywhere.  Unless you take an actual bowl of ice and put one in a shady spot 
with the thermometer or without the thermometer at first under a shade or 
overhang and one under the blacktop and sit out there an almost watch with them 
to see which one melted more.  The black to heated the blacktop made it hotter so 
you have to show them exactly what happened other wise she is the teacher and 
she said it so the answer is black top and it’s gonna melt more.  I know that if 
there is a 100 degrees out there, there is 100 degrees no matter where you are.  So 
unless you can actually take them and show them a lot of our kids do not believe 
and do not think through the process.  They have to be shown evidence or proof 
and if you don’t watch it, they will think that somebody stirred it or some body 
took the ice cubes.  They are very hard to convince.  They will give you what they 
think you want to hear but the process is almost we got to do it and it is always 
constant thinking and the process in my head is that what can I do to show them 
that the temperature outside on the blacktop is hotter than under the shade.  Even 
though temperature is 100 degrees outside but different places the heat is 
different.  So, sometimes you do pull from your experience and little experiments 
and improvisations that you can come up with.  Just letting them thinking, you 
had the bad experiment where the beans were growing better in the closet than out 
on the window.  They grew better with no light than with light, they were growing 
and the ones on the window were not growing well at all.  So that one was 
something that the kids had not experienced or seen before, but now what 
happened.  The room was too cold that year than usual and you take those things 
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into consideration.  We could have kids walking out of her thinking that it grows 
in the darkness and we did this in science.  So, whatever they told us before is not 
true because we saw the beans grow in the closet without sunshine better than 
with the sunshine. So it’s a fine line to walk that if you don’t show or if they don’t 
experience they can’t think to think in those terms.  All of that is we did very little 
in the kindergarten, first grade, second grade, third grade.  They go through the 
motion that is the steps of doing experiment but nobody tells them why things 
happen the way they happen or what is happening and when they see the similar 
situation or situations.  You can probably roll a marble down the ramp and a car 
down the ramp and they will see those two situations entirely two different 
situations because they never been, no-one has gone to them and talked about 
enquiring and the higher you move in critical thinking and establishing the 
process of scientific thinking and learning.  The higher the car or the ball starts 
from the faster it moves at the bottom of the slope.  The problem is that if they 
had done it or possibly done it in that thinking manner they would have been 
better equipped in understanding science and its nature.  Since nobody has done it 
and taken the time to back up and tell the kids why (with stress) that happens and 
let’s look at it and do the experiment differently.  They do the one experiment and 
they’re done and we move on and I’m trying to change that with very limited 
knowledge of science.  
 
Researcher: No. You have lot of knowledge.  
Jane:  If just do the FOSS kit then, it’s panic for me because I’m not sure that I 
covered the most important aspect of science that is critical thinking and asking 
questions.  Because sometimes I’m not sure where I’m gonna go in terms of 
thinking and asking questions. 
 
Researcher:  The panic is because you haven’t done it before in 9-week blocks or 
it was not mandated or just the management of the class. 
Jane: What do you mean by not mandated? 
 
Researcher: When you think about process, you wondered how you would pull it 
off in the class? 
Jane:  Because it is not what I thought I was going to be doing.  If I came up with 
this nice neat lesson plan and the child goes no that isn’t going to work; that 
doesn’t work.  And then you’re going Ok before we can build on that we‘ve got to 
change that child’s point of view.  Then it’s panic.  Ok what do I have in the 
closet, what can we (long pause) drop the die in the water and watch it and we can 
see the molecule action and where we go from there and lot times how fast can 
you think on your feet and I’m not a fast thinker and I go home and think why 
didn’t I think of that thing or why didn’t I do that thing.  
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Researcher: Would you mind telling me is that because you didn’t plan it or is 
that because of nine-week curriculum schedule or administrative pressure? 
Jane: Part of it is we don’t know where our kids are and I don’t care what it says 
was taught in third grade. You can teach it, they understood it, they retained and 
they’re bringing them with them to the next grade level.  I don’t think it is 
beaurocratic fault.  A lot of it, one my assumption that they know this; two how 
do get kids to think. It has always been that how do you get them not just do what 
you ask them to do but beyond the box or outside of the box and so lot of it is (a 
pause). I don’t really think that the management can really be blamed on this, I 
think it’s more how prepared I am when I come into the class- some days I’m 
better prepared than other days; how much I know the kids both academically, 
socially and culturally, what I believe about the kids abilities, what I expect them 
to bring to the class, what is their context at home.  And there is that I am more 
comfortable teaching this pat of science than other parts because I understand this 
part of science. I do not and if you talk about television rays and all these rays, 
I’ve got to read and I’ve got to do my homework because I don’t feel comfortable 
explaining to kids how it works.  Lot of that is my part of work and preparation 
and understanding.   
 
Researcher:  When you talk about the QuEST Cycle and you said that there are 
many steps between generating a question or questions and getting the answer.  
Why do you think that this is really important for kids to understand and do in the 
class?  
Jane: I think in life it is not like there is this question and there is this answer.  
And the answer to this might not be the same answer five years from now and our 
kids are programmed to give the right answer and so I was (short pause) What I 
want them to believe that what if you change your mind or the experiment or the 
process and getting a right answer once doesn’t mean that it is forever.  Situations, 
time, knowledge, instruments, change all the time and that science is their life and 
our life and it is constantly changing.  Moving by without acknowledging the 
changes that have happened will only create a passive learning community of 
students.  The more you do it when you’re talking to kids and how important it is 
for them to realize that there are all; everything is not in a nicely ordered file and 
you just turn one file to another they are all mingled and like funnel cake, you 
know (laughs).  All these things are connected and how all these things go 
together and you just don’t pull this one file and say this is it and the answer to 
this is this and tomorrow the answer to this is this.  That science is our world and 
our life and it is all intermixed and what we do whether we’re doing such as 
reading, wring, walking to McDonald or whatever it is there is a bigger 
consequences when you go and put that wrapper in the recycling bin or in the 
trash.  Using Styrofoam to paper cup or when you burn fuel or use a lot of 
electricity that all of these things are related.  So, from the question to get to the 
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answer that there are all these side issues that may change the answer or that may 
not but there is other things going on as you get to the answer.  It is just that I 
want them to be ware of that and that is where I think, I was going with that.  My 
personal policy is to watch the kids so that they understand what science is about 
and how important is that for their lives.  They will be the product of our nation 
and I know that when Sputnik, you know, they did that then there was a big push 
in science in the classes.  Then science dropped off when we went to something 
else and that we didn’t pursue it.  We have scientifically illiterate teachers and 
kids.  Except for the ones (kids) that are naturally driven to learn science or 
interested and retain it.  You know, those three little kids who are exceptional and 
the others can read the same book but tomorrow they couldn’t tell you anything 
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